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Another 

NEW 

10-Ampere 


Type 


WlO 


These  new  Type  WlO  VARIACs  complete  the 


modernization  of  the  entire  VAR  I  AC  line  so  that  all  units  are 


oi  the  "W”  type.  Improvements  include  wrought  metallic 
parts,  better  heat  transfer  between  coil  and  base,  and  brush 
and  radiator;  improved  insulation,  disc  radiators  and  generally 
improved  mechanical  design.  ALL  VARIACS  have  exclusive 
DURATRAK  contact  surfaces  for  longer  life. 


Type  WlO  Variac 

Hb  Volt  Input.  1  S  KVA 
13  Amp  Mai  Current 
(Type  WlOH  similar 
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Typ«  W10MT3 

Portable  model  cased.  3  wire  output  receptacle  ON  OFF 
switch,  overload  breaker  and  heavy  duty  3  wire  line  cord 
and  plug  Available  in  2  and  3  wire  models  for  either  lib 
or  volt  lines 
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Simple  to  install  on  wall,  bench 
or  behind  panel 
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ANY  TYPE  WlO  Variac  or  Vanac  gang  can  be  supplied  with  ball  bearings 
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FREQUENCY  STANDARDS 


*3  Vi"  high 
400  - 1000  cy. 


PRECISION  FORK  UNIT 

TYPE  50 

Size  1"  dia.  x  3^”  H.*  Wght,  4  oz. 
Frequencies :  240  to  1000  cycles 
Accuracies: — 

Type  50  (±.02%  at  —65*  to  85*C) 
Type  R50  (±.002%  at  15*  to  35*C) 
Double  triode  and  5  pigtail  parts  required 
Input,  Tube  heater  voltage  and  B  voltage 
Output,  approx.  5V  into  200,000  ohms 


FREQUENCY  STANDARD 

TYPE  501 

Size  3%"  X  4%"  x  5%"  High 
Weight,  2  lbs. 

Frequencies:  50,  60,  75  or  100  cycles 
Accuracies: — 

Type  50L  (±.02%  at  —65*  to  85*C) 
Type  R50L  (±.002%  at  15*  to  35*C) 
Output,  3V  into  200,000  ohms 
Input,  150  to  300V,  B  (6V  at  .6  amps.) 


•3  Vi"  high 
400  to  500  cy. 
optional 


PRECISION  FORK  UNIT 

TYPE  2003 

Size  dia.  x  H.*  Wght.  8  oz. 
Frequencies:  200  to  4000  cycles 
Accuracies: — 

Type  2003  (±.02%  at  —65*  to  85*C) 
Type  R2003  (±.002%  at  15*  to  35°C) 
Type  W2003  ( ±.005%  at  —65*  to  85*C) 
Double  triode  and  5  pigtail  parts  required 
Input  and  output  same  as  Type  50,  above 


FREQUENCY  STANDARD 

TYPE  2005 

Size,  8"  X  8"  X  7 hi”  High 
Weight,  H  lbs. 

Frequencies:  50  to  400  cycles 
(Specify) 

Accuracy:  ±.001%  from  20*  to  30*C 
Output,  10  Watts  at  115  Volts 
Input,  115V.  (50  to  400  cycles) 


FREQUENCY  STANDARD  , 

TYPE  2007-6 

TRANSISTORIZED,  Silicon  Typ^^ 
Size  IM”  dia.  x  3^”  H.  Wght.  7  ozs. 
Frequencies :  400  —  500  or  1000  cycles 
Accuracies : 

2007-6  ( ±  .02%  at  -50*  to  +85*C) 
R2007-6  (±.002%  at  -|-15*  to  -1-35*C) 
W2007-6  (±.005%  at  —65*  to  -|-125*(:) 
Input:  10  to  30  Volts,  D.  C.,  at  6  ma. 
Output:  Multitap,  75  to  100,000  ohms 


FREQUENCY 
STANDARD 
TYPE  2I2IA 

Size 

8 hi”  X  19”  panel 
Weight,  25  lbs. 

Output:  115V 
60  cycles,  10  Watt 
Accuracy: 

±.001%  from  20*  to  30’C 
Input,  115V  (50  to  400  cycles) 


FREQUENCY  STANDARD 

TYPE-  2001-2 

Size  3%”  x4hi”  X  6”  H.,  Wght.  26  oz.. 
Frequencies:  200  to  3000  cycles 
Accuracy:  ±.001%  at  20*  to  30*C 
Output:  5V.  at  250,000  ohms 
Input:  Heater  voltage,  6.3  *12 -28 
B  voltage,  100  to  300  V.,  at  5  to  10  ma. 


FREQUENCY  ^  ^ 

STANDARD  ■ 

type  21 1 1C  ■  ^ 

Size,  ivith  cover  |H  RtS 

10”xl7”x9”H.  B  :ngh! 

Panel  model 
10”  X 19”  X  8hi”  H. 

Weight,  25  lbs. 

Frequencies:  50  to  1000  cycles 
Accuracy:  (±.002%  at  15*  to  35*C) 

Output:  115V,  75W.  Input:  115V,  50  to  75  cycles. 


ACCESSORY  UNITS 
for  TYPE  2001-2 

L — For  low  frequencies 

multi-vibrator  type,  40-200  cy. 

D — For  low  frequencies 

counter  ty^,  40-200  cy. 

H — For  high  freqs,  up  to  20  KC. 

M — Power  Amplifier,  2W  output. 

P — Power  supply. 


This  organization  makes  frequency  standards 
within  a  range  of  30  to  30,000  cycles.  They  are 
used  extensively  by  aviation,  industry,  govern, 
ment  departments,  armed  forces — where  maxi¬ 
mum  accuracy  and  durability  are  required. 

WHEN  RE(pUESTING  INFORMATION 
■  PLEASE  SPECIFY  TYPE  NUMBER 


American  Time  Products,  inc. 


Telephone:  PLaza  7-1430 


iVatch^ 


Timing  Systems 


580  Fifth  Ave.,  New  York  36,  N.  Y. 
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C  TYPE  MAGNETS  in  a  wide  range  of  sizes  to  meet  your  design  needs  in 
VirTRANSVERSE  FIELD  ISOLATORS^  DIFFERENTIAL  PHASE  SHIFTERS^  DUPLEXERS 


Arnold  C-type  Alnico  Magnets  are  available  in  a  wide 
selection  of  gap  densities  ranging  from  1,000  to  over  7,500 
gausses.  There  are  six  different  basic  configurations  with  a 
wide  range  of  stock  sizes  in  each  group. 

The  over-all  size  and  gap  density  requirements  of  many 
prototype  designs  can  be  met  with  stock  sizes  of  Arnold  C 
Magnets,  or  readily  supplied  in  production  quantities. 

When  used  in  transverse  field  isolators,  Arnold  C  Mag¬ 
nets  supply  the  magnetizing  field  to  bias  the  ferrite  into  the 
region  of  resonance,  thus  preventing  interaction  between 
microwave  networks  and  isolating  the  receiver  from  the 
transmitter.  These  magnets  are  also  used  in  differential 
phase  shifters  and  duplexers,  and  Arnold  is  prepared  to 
design  and  supply  tubular  magnets  to  provide  axiai  fields 
in  circular  wave  guides. 
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A  feature  of  all  Arnold  C  Magnets  is  the  excellent  field 
uniformity  along  the  length  of  the  magnet.  Versatility  in 
design  may  be  realized  by  using  multiple  lengths  of  the 
same  size  magnet  stacked  to  accomplish  the  needs  of  your 
magnetic  structure. 

Let  us  work  with  you  on  any  requirement  for  permanent 
magnets,  tape  cores  or  powder  cores.  •  For  information  on 
Arnold  C  Magnets,  write  for  Bulletin  PM-115.  Address 
TAe  Arnold  Engineering  Company,  Main  Offices  and 
Plant,  Marengo,  Illinois.  wtw  t4i« 

^ARNOLD 

SPECIALISTS  In  MAGNETIC  MATERIALS 

BRANCH  OFFICES  and  DISTRIBUTORS  in  FRINCIFAl  CITIES 
Find  flwm  FAST  m  mtOW  FACES 


CIRCLE  2  RCAOERC  SERVICE  CARD 


3 


SHOPTALK 


•  •  • 


electronics 

Feb.  20,  1959  Vol.  32,  No.  8 


Puhliihcd  weekly,  with  •  BUYERS’  GUIDE 
and  REFERENCE  iMue  in  mid-June,  by 
MrCraw-Hill  Publiehini;  Company,  Inc., 
Jamea  H.  McCraw  (1860-I94S)  Founder. 


Eaanitiva,  caitarial.  Clrealatlan  and  Advartlilat 
Odleaa:  MeOraw-Hill  Bulldini,  330  W.  42  St..  Naw 
Vark  3d,  N.  V.  Lantacra  4.3000.  Pakllcatlan 
ORlea:  99.129  Narlh  Broadway.  Albany  I.  N.  V. 


See  panel  below  for  dirertinna  reftardini; 
aubarriptiona  or  rhaniie  of  addreaa.  Donald 
C.  MrCraw,  Preaident;  Joaeph  .A.  Gerardi, 
Exerutive  Vice  Preaident;  L.  Keith  Goodrich. 
Vice  Preaident  and  Treasurer;  John  J. 
Cooke,  Secretary;  Nelaon  L.  Bond.  Presi¬ 
dent,  Publications  Division;  Shelton  Fisher, 
Senior  Vice  Preaident;  Ralph  B.  Smith, 
Vice  President  and  Editorial  Director:  Jo¬ 
seph  H.  Allen,  Vice  President  and  Director 
of  Advertising  Sales;  A.  R.  Venetian,  Vice 
President  and  Circulation  Coordinator. 


Single  copies  7.S<  in  the  United  Stales  and 
possessions  and  Canada;  $1.50  for  all  other 
foreign  countries.  Buyers’  Guide  $.5.00.  Sub¬ 
scription  rates — United  States  and  possessions, 
$6.00  a  year;  $9.00  for  two  years;  $12.00  for 
three  years.  Canada,  $10.00  a  year;  $16.00 
for  two  years;  $20.00  for  three  years.  .All 
other  countries  $20.00  a  year;  $.30.00  for  two 
years;  $40.00  for  three  years.  Second  class 
postage  paid  at  Albany,  N.  Y.  Printed  in 
U.S.A.  Copyright  1959  by  .McGraw  Hill  Pub¬ 
lishing  Co.,  Inc. — .All  Rights  Reserved.  Title 
registered  in  U.  S.  Patent  Office.  BR  ANCH 
OFFICES:  520  North  Michigan  Avenue, 
ChicAgo  II;  68  Post  Street.  San  Francisco 
4;  McGraw-Hill  House,  London  E.  C.  4; 
85,  Westendsirasse,  Frankfurt/Main ;  Na¬ 
tional  Press  Bldg.,  Washington  4,  D.  C.;  Six 
Penn  Center  Plaza.  Philadelphia  3;  1111 
Henry  W.  Oliver  Bldg.,  Pittsburgh  22;  55 
Public  Square,  Cleveland  13;  856  Penobscot 
Bldg.,  Detroit  26;  3615  Olive  St.,  St.  Louis 
8;  350  Park  Square  Bldg.,  Boston  16;  1301 
Rbodes-Haverty  Bldg.,  Atlanta  3;  1125  West 
Sixth  St.,  Los  Angeles  17;  1740  Broadway, 
Denver  2;  901  Vaughn  Bldg.,  Dallas  1. 
ELECTRONICS  is  indexed  regularly  in  The 
Engineering  Index. 


Babssriatlsn ;  Address  cormasndsnes  ts:  Fal- 
ftllsisnt  Manatsr,  Elsetrsnies,  330  W.  42Bd 
SI..  NSW  Vorfe  3C,  N.  V.  Allow  oss  aisnth  lor 
obasH  of  oddross,  statins  old  as  well  as  now 
addross.  tubserlstlons  aro  sollcllod  only  from 
sorsons  eniasod  In  thoory,  roooarch,  doslsn, 
orodaotlon,  manosomont,  maintsnaneo  and  uso 
of  oloetronlos  and  Industrial  control  com. 
pononls,  tarts  and  troduets.  Position  and 
oomtany  oonnoetlon  must  bo  Indleatod  an  sub- 
serlttlon  ardsrt. 


Postmaster:  please  send  form  3579  to 
Electronics,  330  W.  42nd  St.,  New  York  36, 
N.  Y. 


Member  ABP  and  ABC 


GLASS  CAPACITORS.  During  a  recent  trip  to  Corning  Glass  Works’ 
new  components  plant  in  Bradford,  Pa.,  Associate  Editor  Sideris 
obtained  the  first  detailed  description  of  how  capacitors  are  made 
from  metal  foil  and  a  glass  ribbon  only  1  mil  thick. 

The  whole  manufacturing  story  is  in  Sideris’  department,  “Produc¬ 
tion  Technique.s,’’  this  week. 

Gathering  material  for  his  department,  Sideris  visited  nearly  50 
plants  last  year.  Roughly  half  of  them  were  out  of  town.  In  addition. 
Electronics  field  editors  in  Boston,  Chicago  and  Los  Angeles  pitched 
in,  reporting  new  manufacturing  techniques  in  their  territories. 

Sideris  joined  Electronics  in  1956.  Before  that  he  had  studied 
engineering  in  a  Naval  officers’  training  program,  then  moved  into 
journalism  and  covered  industrial  and  commercial  developments  for  a 
metropolitan-area  daily  newspaper.  His  other  electronics  interests 
include  new  materials  for  the  industry,  industrial  control  applications 
and  atomic-energy  instrumentation. 

SMALL  BUSINESS.  Of  the  4,000-odd  companies  in  the  electronics 
industry — assemblers,  parts  manufacturers  and  suppliers — by  far 
the  majority  fall  into  somebody’s  category  of  “small  business”. 

Indeed,  these  small  engineer-run  companies  comprise  one  of  the 
great  strengths  of  our  industry.  The  diversity  of  specialized  prod¬ 
ucts  and  services  they  offer,  in  the  aggregate,  could  not  economically 
be  provided  by  larger  business  organizations. 

An  important  problem  to  small  electronics  firms  has  been  how  to 
get  a  bigger  share  of  the  more  profitable  government  business.  Some 
small  firms  enter  into  government  work  through  subcontracting  from 
larger  prime  contractors.  Others  have  formed  teams  with  other 
companies.  Now  comes  a  new  plan:  A  corporation  jointly  owned  by 
several  small  manufacturers  that  can  bring  their  collective  abilities 
to  bear  on  government  contract  work.  In  his  story,  “New  Look  for 
Small  Companies,”  on  p  40,  Associate  Editor  Emma  goes  into  this 
and  other  news  of  interest  to  small  businessmen. 

Coming  In  Our  February  27  Issue  .  .  . 

SOLIONS.  A  device  which  is  assuming  greater  importance  as 
research  uncovers  more  applications  for  it  is  the  solion,  so-called 
because  the  mechanism  of  conduction  it  employs  involves  ions  in 
solution. 

R.  N.  Lane  of  Texas  Research  Associates  and  D.  B.  Cameron  of 
National  Carbon  Company  describe  how  these  interesting  new 
devices  can  be  used  as  control  elements  to  perform  such  functions 
as  integration  and  amplification.  A  circuit  using  a  solion  as  a  noise 
dosimeter  is  included. 

AMPLITUDE  WINDOW.  In  statistical  studies  of  signals  and  noise, 
probability  amplitude  density  functions  are  the  subject  of  intensive 
investigation.  In  such  studies,  a  circuit  is  required  which  yields  a 
rectangular  output  pulse  with  a  width  proportional  to  the  time  spent 
by  the  input  between  specified  voltage  levels. 

T.  A.  Bickart  of  Johns  Hopkins  University  describes  a  modified 
form  of  Schmitt  trigger  which  obtains  desired  output  without  exces¬ 
sive  circuitry. 

ECONOMY  TV  SOUND.  Ratio-detector  systems  contain  expensive 
components  and  have  low  output,  according  to  R.  B.  Dome  of  GE  in 
Syracuse.  In  an  effort  to  overcome  these  shortcomings,  development 
of  the  delta  sound  system  for  tv  receivers  was  undertaken.  Features 
are  a-m  compression  from  12  to  24  db,  high  a-f  output  and  cancella¬ 
tion  of  the  fundamental  component  of  undesired  a-m. 
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Your  Design  is  better  Yoiir  Product  fyerfornis  better 


with  this 
full  line  of 


Germanium  GLASS  DIODES 


WorWai 

Forward 

RavarM 

Voltata 

Currant 

Currant 

(max.) 

at  -(-1  voK 

a 

mA 

i>A  at  V 

150 

60 

80 

500  at  -150 
50  at  -10 
50  at  —50 

100 

3 

625  at  -100 

60 

10 

800  at  -50 

60 

5 

50  at  - 10 

100  j 

3 

25  at  -10 

(lAitv 


40  3  10  at -10 

90  5  25  at  - 10 

80  5t  75tat-10 
60  5  10  at -10 

80  3.5  100  at -50 

70  30*  250  at -40 


»l+2v  ti»75*C 


1N128 

1N191 

lNi»8 

1N294A 

1N297A 

1N298A 


Germanium  VIDEO  DETECTOR  Diodes 

for  TV  video  and  portable  radfo  app/ication; 
low  capacity  video  detection;  efficiency  controlled  at  50  Me 

Silicon  DIFFUSED  JUNCTION  GLASS  RECTIFIERS 


Rev«fM  Current  (Mai.) 
in  rJt  at  Spacifiad  VoHaia 


Silicon  DIFFUSED  JUNCTION  RECTIFIERS 


TYPE 

Paak  Oparatinf 
Voltaia 

-65*Cto-HS5*C 

Volts 

iN539 

50 

1N837 

100 

1N8S8 

200 

iNS39 

300 

1N940 

400 

1N1099 

500 

1N947T 

600 

WIRE  IN  TYPES 


750  250 
750  250 
750  250 
750  250 
750  250 
750  250 
750  250 


STUD  TYPES 


f  Santa  M  1NI096 


All  llluttrations  actual  slzt^'  Ratiftgs  at  SS^C  unlnu  otharwna  htdicalarl. 

Typat  In  rad  avollabla  ta  MIL  SpacMcotlona. 


•to  +135*C 


RavarM  Curraot 
(Max.)  at 

SpaciAad  PIV.  2S*C 
oA 


SEMICONDUCTOR  DIVISION 

RAYTHEON  MANUFACTURING  CO. 

SILICON  AND  GERMANIUM  DIODES  AND  TRANSISTORS  •  SILICON  RECTIFIERS 

Now  Torh,  riaia  9-)900  •  Roatoa,  HMcr.tt  4-6700  •  aaMmora.  SOulMaid  1-1237  •  WaaMnptoa.  0.  C.  RCpuMc  7-6S6S 

Chicaa#,  NAHonol  5-4000  •  aovoland,  WlMon  1-7005  •  Kanaaa  CHy.  Haia  3-5330  •  lat  Aitaolat,  NOrmondy  5-4321 
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UNEXCELLED  FOR  SWITCHING.  POWER  HANDLING,  EFFICIENCY.  RELIABILITY 


TYPICAL  CHARACTERISTICS  AT  25°C. 


zniMA  ZNIM  zni/j  Mm  imii  znmz  znmi 

Maximum  Collector  Current 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

•fligB 

Maximum  Collector  Voltage 
(Emitter  Open) 

100 

80 

80 

80 

60 

50 

40 

voHt 

Saturation  Retittonce 

.02 

.03 

.03 

.03 

.03 

•hmt 

Thermal  Gradient  (Max.) 

(Junction  to  Mounting  Base) 

.8 

.8 

.8 

.8 

ID 

ID 

ig 

m 

1.0 

°C/wo.l 

Base  Current 

Is  (Vic=°2  voHs,  lc=5  amps) 

Collector  to  Emitter  Voltage  (Min.) 

Shorted  Base  (lc  =  .3  amps) 

80 

70 

70 

70 

50 

45 

40 

50 

45 

40 

vuM« 

Callector  to  Emitter  Voltage 

Open  Base  (lc=.3  amps) 

70 

60 

60 

60 

50 

m 

55 

45 

40 

V»ltB 

*D«tign«d  to  moot  MU*T*19j00/ 13A  (Jon)  8  Jonoory  1958  t^ormorly  DT100  T^ormorly  DT80 


Check  your  requirements  against  the  new,  improved 
characteristics  of  Delco  High  Power  transistors.  You 
will  find  improved  collector-to-emitter  voltage  .  .  . 
higher  maximum  current  ratings — 15  amperes,  and 
extremely  low  sattiration  resistance.  Also,  note  the 
new  solid  pin  terminal  design. 

And  of  special  importance  to  you  is  the  fact  that  diode 
voltage  ratings  are  at  the  maximum  rated  temperature 
i95°C.)  and  voltage. 


Write  today  for  engineering  data  on  the  new, 
improved  characteristics  of  all  Delco  High  Power 
transistors. 

DELCO  RADIO 

Division  of  General  Motors  •  Kokomo,  Indiana 

BRANCH  OFFICES 

Newark,  New  Jeraey  Santa  Monira,  California 

1180  Raymond  Boulevard  726  Santa  Monira  Boulevard 

Tel:  Mitchell  2-6I6S  Tel:  Exbrook  3-1465 
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hemical 


Now  Available  from  B&A 

HIGH-PURITY  LOW-MELTING  GLASS 

For  Coating  Electronic  Devices 


from  atmospheric  oxidation,  con¬ 
tamination  and  humidity.  Coat¬ 
ing  may  be  accomplished  by 
simply  dipping  the  devices  in  a 
fluid  bath  of  the  glass,  withdraw¬ 
ing  and  cooling;  by  vapor  deposi¬ 
tion;  or  through  the  use  of  a 
pre-form  (compressed  powder). 


Here’s  good  news  for  every  pro¬ 
ducer  of  electronic  devices.  Low- 
melting  glasses— a  new  research 
development  reported  before  the 
Electrochemical  Society  by  S.  S. 
Flaschen  and  A.  D.  Pearson  of 
Bell  Telephone  Laboratories*  — 
may  represent  a  major  break¬ 
through  in  low  cost  and  highly 
efficient  protective  coating 
of  semiconductors,  capacitors,  di¬ 
odes  and  other  types  of  electronic 
devices. 

These  new,  high-purity,  low- 
melting  glasses  promise  an  ideal 
coating  for  protecting  germanium 
and  silicon  transistors  and  diodes 


Other  BliA  “Electronic  Grade” 
Chemicals  Available! 

Baker  &  Adamson,  the  nation’s 
foremost  producer  of  laboratory 
and  scientific  chemicals,  offers  an 
extensive  line  of  “Electronic 
Grade”  chemicals— specially  de¬ 
signed  to  meet  the  stringent  qual¬ 
ity  requirements  of  the  electronic 
industry.  Other  special  high  purity 
chemicals  are  also  available  or  can 
be  custom  made  to  meet  your 
needs.  For*more  information,  write 
for  free  folder,  “Electronic  Grade 
Chemicals.” 


Research  quantities  now  available 
from  BAA! 

We  can  now  supply  low-melting 
glasses  to  meet  the  needs  of  your 
development  engineers.  Write  us 
today  for  further  information  or 
technical  assistance. 


*Abetr»rt  Nm.  116.  Jounul  of  The  gUctrocbeoalcol  Bod* 
ety,  Aufuet.  195$. 


GENERAL  CHEMICAL  DIVISION 

40  n*ctor  StTMt,  New  Teric  4,  N.  Y. 
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SEMICONDUCTOR  PROGRESS . . . 

i  THROUGH  RESEARCH 

An  artist's  conception  entitled  "Semiconductor  Progress  .  .  . 
through  Research"  depicts  the  flow  of  solid  state  devices  from  the 
raw  state  to  products, to  applications  of  the  future.  A  reproduction  of 
this  painting,  tuitabie  for  framing,  is  avaiiabie  on  request. 
Literature  describing  the  progress  of  General  Transistor's 
products,  also  developed  through  research,  is  available,  in  the  form 
of  technicai  engineering  buiietins,  on  request. 


HIGH  FREQUENCY 
TRANSISTORS 


BULLETIN 

G-150A 


GENERAL  PURPOSE 
TRANSISTORS 


BULLETIN 

G-160 


II  I 


'J 


fiERMANIUM 

GERMANIUM 

GERMANIUM 

GERMANIUM 

GERMANIUM 

SUBMINIATURE 

BILATERAL 

DRIFT  TRANSISTORS 

PHOTOTRANSISTORS 

COMPLEMENTARY 

HIGH  VOLTAGE 

GERMANIUM 

*  TRANSISTORS 

SYMMETRY 

TRANSISTORS 

GOLD  BONDED  DIODES 

TRANSISTORS 

NILETIN  Bi 

BULLETIN  1^'*^ 

BULLETIN 

BULLETIN  H| 

BULLETIN  B 

BULLETIN 

•(.m  m 

G-1BO  \W 

2N469 

2N529 

GM200  m 

GD-10 

• 

Visit  us  at  tl 

le  IRE  Show  Booths  2205-2207 

SILICON 
PNP  ALLOY 
JUNCTION 
TRANSISTORS 


RULLETIN 

S-100 
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AMPLIFY  MICROVOLTS 


WITH  STABILITY...  measure  strain,  temperature, 
other  phenomena,  to  0.1% 
with  a  KIN  TEL  DC  amplifier 


NEW... TRUE  DIFFERENTIAL 
DC  AMPLIFIERS  ELIMINATE  GROUND  LOOP 
PROBLEMS... RESCUE  MICROVOLT 
SIGNALS  FROM  VOLTS  OF  NOISE 


WIDEBAND,  SINGLE  ENDED 
DC  AMPLIFIERS  AMPLIFY  DATA  SIGNALS 
FROM  DC  TO  40  KC 
WITH  2  MICROVOLT  STABILITY 


160  db  DC,  120  db  60  cycle  common  mode  rejection  with 
balanced  or  unbalanced  input  ■  Input  completely  isolated 
from  output  ■  Input  and  output  differential  and  floating 
■  S  microvolt  stability  for  thousands  of  hours  ■  0.05%  line¬ 
arity,  0.1  %  gain  stability  ■  Gain  of  10  to  1000  in  five  steps  ■ 
>S  megohms  input,  <2  ohms  output  impedance  ■  10  volt  at 
10  ma  output  ■  120  cycle  bandwidth  ■  Integral  power  supply 

Ideal  for  thermocouple  amplification,  the  Model  1 14A  differ¬ 
ential  DC  amplifier  eliminates  ground  loops;  allows  the  use 
of  a  common  transducer  power  supply;  drives  grounded,  un¬ 
grounded  or  balanced  loads;  permits  longer  cable  runs;  and 
can  be  used  inverting  or  non-inverting.  The  114A  can  be 
mounted  in  either  single  amplifier  cabinets  or  six  amplifier 
19"  rack  adapter  modules.  Price:  114A-$775;  six  ampli¬ 
fier  module -$200;  single  amplifier  cabinet  -  $125. 


±2  microvolt  stability  ■  <5  microvolt  noise  ■  40  kc  band¬ 
width  ■  100  Kn  input,  <  1  ohm  output  impedance  ■  Gain  of 
20  to  1000  in  ten  steps  with  continuous  1  to  2  times  variation 
of  each  step  ■  ±45  V,  ±40  ma  output  ■  1.0%  gain  accuracy 
■  0. 1  %  gain  stability  and  linearity  ■  Integral  power  supply 

Millions  of  cumulative  hours  of  operation  have  proved  kin 
TEL  Model  111  series  DC  amplifiers  to  be  the  basic  compo¬ 
nent  for  all  data  transmission,  allowing  simple,  reliable 
measurement  of  strain,  temperature  and  other  phenomena. 
DC  instrumentation  systems  -  with  their  inherently  greater 
accuracy,  simplicity,  and  reliability  than  AC  or  carrier  sys¬ 
tems  -  are  made  entirely  practical  by  the  excellent  dynamic 
performance,  stability,  and  accuracy  of  kin  tel  DC  ampli¬ 
fiers.  Price:  1 1 1  BF-$575;  six  amplifier  module-$200;  single 
amplifier  cabinet  -  $125. 


5725  Kearny  Villa  Road,  San  Diego  II,  California 


A  Division  o<  CoAu  Eltctronics  Inc. 
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BUSINESS  THIS  WEEK 


ELECTRONICS  NEWSLETTER 

AUTOMATIC  LANDING  SYSTEM  said  to  function 
in  zero-zero  visibility  without  need  for  pilot  see¬ 
ing  runway  has  landed  various  commercial  and 
military  craft  more  than  2,000  times  in  develop¬ 
ment  and  evaluation  tests.  Bell  Aircraft  Corp., 
the  developer,  says  system  could  eliminate  acci¬ 
dents  such  as  the  Electra  crash  in  New  York’s 
East  River.  All-weather  system  reportedly  locates 
plane  by  radar,  takes  control  from  pilot  2  to  4 
miles  from  end  of  runway  and  then  operates  auto¬ 
matic  pilot  by  radio  to  guide  it  to  a  landing.  Bell 
says  system  was  developed  for  carriers,  expects 
both  Navy  and  Air  Force  to  buy  it  for  operational 
use  this  year. 

AIR  WEAPONS  CONTROL  SYSTEM  212  L,  which 
will  combine  base  air  defense  and  tactical  air 
control,  looks  like  a  large  and  continuing  project. 
Intended  to  solve  air  defense  problems  for  over¬ 
seas  bases  and  areas  in  much  the  same  way  that 
SAGE  operates  in  the  U.  S.,  it  consists  of  three 
subsystems:  radar,  communications  and  data- 
processing.  GE,  responsible  for  data-processing, 
has  starter  contract  topping  $12.7  million. 

BALLOON-LOFTED  RADAR  GONDOLA  is  ex¬ 
pected  to  extend  knowledge  of  radar  character¬ 
istics  at  stratospheric  altitudes  through  photo¬ 
graphs  of  ppi  displays.  Photos  were  recently 
taken  at  100,000  ft  on  first  of  three  unmanned 
flights  undertaken  by  Goodyear  Aircraft  Co.  and 
Winzen  Research  Corp.,  under  ARDC  contract. 
Pictures  are  correlated  with  regular  aerial  photo¬ 
graphs  taken  by  external  camera  synchronized 
with  ppi  camera. 

High-speed  weather  chart  transmission  system  is 
being  designed  for  the  Air  Force  Cambridge  Re¬ 
search  Center  by  Philadelphia-Tele-Dynamies  Inc. 
Firm  says  its  technique  relies  on  coding  methods 
based  on  information  theory. 

AIRPORT  RUNWAY  AND  TAXIING  CONTROLS 
will  be  installed  this  year  at  the  Atlantic  City, 
N.  J.,  experimental  facility  of  FAA.  RCA,  as  sub¬ 
contractor,  will  supply  300  detector  circuits  and 
accessory  gear  for  one  10,000-ft  runway  and 
20,000  feet  of  taxiways.  General  Railway  Signal 
Co.,  the  contractor,  will  provide  controller’s  dis¬ 
play  panel  and  associated  equipment.  As  plane 
passes  over  buried  loops,  a  signal  will  be  gen¬ 
erated,  received  by  detector,  and  then  used  to 
show  position  of  craft  on  control  panel.  System 
requires  no  airborne  gear  and  will  accommodate 
landing  speeds  up  to  175  mph,  or  taxiing  speed 
up  to  65  mph;  20  planes  may  be  traced  at  once. 
Future  system  might  use  computer  to  preschedule 
landing  and  taxi  routes  for  incoming  craft. 

HAWK  PRODUCTION  PLANS  for  1959  and  ’60  are 


firm  for  fixed  and  mobile  combat  requirements. 
So  said  Raytheon  President  C.  F.  Adams  in  deny¬ 
ing  report  of  a  possible  cutback.  He  told  Boston 
security  analysts  that  ’61  production  schedule 
awaits  Army  decision  on  fixed  installation  needs. 

USE  OF  A  COMPUTER  in  developing  an  advanced 
airways  control  system  starts  this  month  in  At¬ 
lantic  City,  N.  J.  Unit  is  an  RW-300  at  the 
National  Aviation  Facilities  Experimental  Cen¬ 
ter  (NAFEC).  The  Thompson-Ramo-Wooldridge 
Products  Co.,  manufacturer,  is  also  supplying 
special  input  and  output  equipment  and  technical 
aid.  Federal  Aviation  Agency’s  R&D  bureau  will 
simulate  complex  traffic  control  problems  by 
means  of  mathematical  models  of  proposed  sys¬ 
tems.  Built-in  analog  input-output  permits  com¬ 
municating  for  simulation  purposes  with  existing 
traffic  control  devices. 

Two  klystrons  designed  by  Ferranti  of  Britain  will 
now  be  made  by  Raytheon.  UK  firm  sold  for  $250,- 
000  the  knowhow  for  the  low-noise  tubes  used  in 
Doppler  radar  systems. 

’TERMINAL  GUIDANCE  METHODS  for  space 
vehicles  will  be  studied  at  ITT  Laboratories  in 
Fort  Wayne,  Ind.,  under  a  contract  awarded  by 
Air  Research  and  Development  Command.  Re¬ 
search  problems  include  initial  condition  accu¬ 
racies,  adverse  physical  phenomena,  required 
vehicle  performance,  environment,  sensor  char¬ 
acteristics  and  reliability.  Program  objective:  to 
initiate  studies  to  define  guidance  systems,  tech¬ 
niques  and  designs. 

AUTOMATIC  DRILL  for  bearing  jewels  has  been 
developed  by  Carl  Zeiss,  Oberkochen,  West  Ger¬ 
many.  Electron  beam  is  concentrated  on  jewel 
center  in  a  vacuum;  released  heat  energy  results 
in  smelting  and  evaporation  of  the  material. 
Tempering  beam  keeps  jewel  at  high  temperature 
for  some  time  after  drilling.  New  jewel  is  auto¬ 
matically  fed  to  drilling  position  every  6  seconds. 

Army  Signal  Corps  has  contracted  for  three  mobile, 
transistorized  Sylvania  Mobidic  computers,  making 
four  so  far  ordered  by  the  Army  at  a  total  funding 
of  $6.5  million. 

MISSILE  DEFENSE  requires  more  data  on  reentry 
phenomena.  Carl  F.  J.  Overhage,  director  of 
MIT’s  Lincoln  Laboratory,  declared  recently  that 
reentry  observations  at  the  far  end  of  missile  test 
range  add  up  to  a  slow  and  expensive  program. 
To  speed  an  active  defense  posture,  he  reported, 
lab  experiments  are  exploring  means  of  anticipat¬ 
ing  possible  enemy  techniques  such  as  decoys, 
jamming  and  defense  saturation  by  closely-spaced 
small  warheads. 
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Brush  militarized  recording 


■* 

.  InS..?; 


I 


1 


•  •  •  • 


I N  STRUM  i:  IMXS 


37TM  and  PERKINS  C1.EVIXE  CLEVELAND  14.  OHIO 


READY  NOW  FOR 
2nd  GENERATION 
SPACE  VEHICLES! 
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When  "second  generation”  space  vehicles 
become  operational,  the  readout  of  their 
performance  will  be  monitored  by  Brush 
militarized  equipment  already  in  existence. 

For  instance,  the  100-Channel  Operations 
Monitor  that  will  record  100  channels  of  data 
simultaneously  -  on  a  chart  12"  wide! 

Complex  checkouts  are  simplified. 

Or  2-  and  6-channel  systems  (including 
oscillograph  and  amplifier) ...  or  the  combination 
Analog  and  Sequential  Recorder. 

All  equipment  complies  with  Mil.  E-16400, 

Mil.  E-4158,  Mil.  E-4970  and 
other  specifications  as  required. 

For  maximum  reliability,  equipment  utilizes 
fast-response  electric  writing,  proven  on 
critical  operational  sites  such  as  DEW  Line, 
Jupiter  and  Thor  checkouts. 

It  will  pay  to  get  familiar  with  this  equipment? 

now -before  you  are 
confronted  with  prototype 
®^^^****^  design  problems.  Brush 

iT"!  ^  engineers  are  available  to 
(•’Cl  needed  details, 

-  iiiL  A  iv  or  write  us  direct. 
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ITT 


What’s  New 
in  ITV 

Many  exciting  new  uses  for  closed  circuit 
television  save  time,  life,  health  and 
money  for  industry,  military,  education  , 
and  business.  i 

•  In  the  Antarctic,  the  Navy  uses  CCTV  on  I 
a  helicopter  to  picture  ice  conditions  to  an  ’ 
ice  breaker  following. 

•  A  utility  using  ITV  to  observe  water 
levels  saved  three  salaries. 

•  In  handling  freight,  ITV  inspected  cars 
and  gondolas  from  a  distance. 

•  Watching  oil  drilling  or  diving  operations 
on  the  ocean  floor  from  the  surface. 

•  Checking  factory  operations  for  floors 
above  from  the  main  floor  saved  time  and 
money. 

•  Guiding  bulldozers  run  automatically  in  ' 
radioactivity  areas  from  a  safe  distance. 

•  Stores  and  markets  cut  shoplifting  and 
pilferage  with  ITV. 

•  Flame  patterns  in  combustion  chambers 
of  engines  and  boilers  may  now  be 
observed. 

•  Large  organizations  reach  dealers 
through  ITV  in  many  cities  for  simultaneous  * 
meetings. 

•  Traffic  flow  through  tunnels  or  toll 
bridges  is  checked  and  controlled. 

•  TV  camera  on  factory  roof  scans  large 
roofs  for  fires. 


ITT  makes  a  complete  and  versatile  line  ! 
of  closed  circuit  TV  for  every  military, 
industrial,  business  and  educational  require¬ 
ment.  For  bulletins,  engineering  data  and 
other  information  call  our  nearest  office. 

Los  Anieles,  Calif . EMpire  7-6161  | 

Detroit,  Mich . JEfferson  6-4040 

Fort  Myers,  Fla.  . . .  WYandotte  5-2151 

Washington,  D.C . EMpire  5-1515 

Denver,  Colo . AMherst  6-2714 

New  York  City . Oxford  5-0082  | 

San  Carlos,  Calif . LYtell  3-2189  | 

Ft.  Worth,  Tax . JEfferson  5-2056  | 

Industrial  ! 
Products  Division  j 

International  Telephone  and  Telegraph  Corp. 
15191  Bledsoe  St.,  San  Fernando,  California  | 

Clasad  Cireeit  TV  •  Castom  Fawar  Eqalpmant 
Infra  Rad  Ednipmant  •  larga  Scraan  OscMiascapas 
Elactraalc  Instmmants  •  Antapilats  far  Aircraft 
CIRCLE  11  READERS  SERVICE  CARD 
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WASHINGTON  OUTLOOK 


Search  by  Congre.ss  into  almost  every  facet  of  the  defense  program  already 
suggests  some  likely  effects:  (1)  a  beefed-up  military  appropriation, 
(2)  some  changes  in  defense  procurement  policy,  and  (3)  the  glare  of 
publicity  on  details  of  ballistic  missile  program  management. 

An  atmosphere  conducive  to  defense  budget  boosts  is  being  whipped  up 
by  three  major  committee  investigations  of  missile  and  space  projects. 

Committees  are  the  Senate  Military  Preparedness  and  Space  Committee 
under  Majority  Leader  Lyndon  Johnson;  the  House  Space  Committee 
under  Rep.  Overton  Brooks  (D.,  La.);  and  the  House  Armed  Services 
Committee  under  Rep.  Carl  Vinson  (D.,  Ga.). 

The  probes  are  being  made  against  a  backdrop  of  serious  charges  that 
(1)  USSR  leads  the  U.  S.  in  missile  production  and  space  exploration,  and 
that  (2)  the  fiscal  1960  budget  sent  to  Congress  last  month  is  inadequate 
to  overcome  the  Soviet  lead. 

Secy.  McElroy  has  stated  that  U.  S.  defense  is  based  on  the  assumption 
that  for  some  time  to  come  the  USSR  will  out  produce  us  in  ICBM’s. 
This  plays  into  the  hands  of  Democratic  critics.  McElroy  argues  that 
the  U.  S.  maintains  “superiority”  with  a  more  “diversified”  arsenal  of 
nuclear  striking  power,  and  that  this  will  deter  Soviet  aggression. 

However,  strong  rebuttal  has  come  in  the  form  of:  (1)  Maj.  Gen. 
Schriever’s  assertion  that  ICBM  production  schedules  should  be  hiked 
and  that  capacity  is  already  available  to  handle  heavier  production  rates; 
and  (2)  charges  from  both  military  and  civilian  space  officials  that  budget 
restrictions  will  delay  key  projects. 

Summing  up:  The  current  investigations  provide  a  major  sounding- 
board  for  critics  of  administration  policies.  They  are  likely  to  cause  new 
pressures  to  hike  spending  despite  the  administration’s  determination  to 
hold  the  line  on  military  expenditures. 

•  On  the  military  procurement  side,  the  House  Armed  Services  investi¬ 
gating  subcommittee  under  Rep.  F.  Edward  Hebert  (D.,  La.),  will 
probe:  (1)  the  trend  toward  weapon  system  management;  and 
(2)  the  growing  volume  of  negotiated  contracts  and  the  decline  in 
formal  open-bid  procurement. 

Also  in  an  investigating  m<M>d  are  the  Senate  and  House  Small 
Business  Committees.  Both  have  plans  for  new  inquiries  into  the 
often-raised  question:  Why  don’t  smaller  firms  get  more  defense 
business? 

The  weapon  system  concept  is  also  under  fire  from  the  House  Mili¬ 
tary  Operations  subcommittee,  headed  by  Rep.  Chet  Holifield 
(D.,  Calif.). 

He  has  begun  to  look  into  “organization  and  management  con¬ 
cepts”  of  the  ballistic  missile  program. 

•  Basic  changes  in  government  policies  on  patent  and  copyright  law 
may  come  from  Congress  this  year.  A  Senate  Judiciary  subcom¬ 
mittee  is  now  investigating  patent  practices  and  policies  of  19 
government  agencies,  including  the  military  services.  The  com¬ 
mittee  is  expected  to  recommend  that  Congress  make  patent  policy 
uniform. 

Subcommittee  has  already  found,  for  example,  that  the  National 
Science  Foundation  allows  its  inventors  to  obtain  patent  titles,  with 
the  government  given  royalty-free,  nonexclusive  rights.  Other  gov¬ 
ernment  agencies,  on  the  other  hand,  take  title  to  patents  but  make 
them  available  to  industry  on  a  royalty-free  basis. 
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No  stoop,  no  squint 
no  painful  nagging 
backache*  t 


-hp-  150A/AR  .  to  10  MC 

Automatic  trigger,  direct- 
reading;  plug-ins  providing 
dual  trace  or  difFerential  in¬ 
put;  or  high  amplification,  -hp' 
150AR  (rack)  $1,200.  -hp- 
150A  (cabinets)  $1,100. 


-hp-  130B/BR  -  to  300  KC 
1  mv  sensitivity,  similar  X/Y 
amplifiers,  direct  reading,  au¬ 
tomatic  trigger,  X5  magnifier, 
balanced  on  6  most  sensitive 
ranges,  -hp-  130B  (cabinet) 
or  1 30BR  (rack),  $650. 


Buy  this  Testmobile  and  tilt 
your  ’scope  so  you  can  read  it! 


Obsolcting  all  previous  concepts  in  one 
brilliant  breakthrough,  -hp-  engineers 
have  achieved  the  ultimate  device — the 
revolutionary  1 15A  Oscilloscope  Testmo¬ 
bile.  Employing  the  radical  Supermarket 
Cart  principle  (first  described  1906  by 
A.  and  P.)  -hp-  1 15A  actually  tilts  an  os¬ 
cilloscope  so  you  can  read  it,  and  lets  you 
push  it  from  place  to  place!  Scope  may  be 
tilted  up  to  30°  in  7^°  increments ;  heavy 
chromed  tube  steel  construction ;  big,  lock¬ 
ing,  rubber-tired  wheels ;  removable  bot¬ 
tom  basket ;  size  40"  high  x  23"  wide  x 
29"  deep,  folds  for  shipment  or  storage ; 
lightweight,  only  28  lbs.,  $80. 

*wifli  thanks  to  our  frionds  ot  fhilco  ond  Anocin 


Still  further  probing  the  Unknown,  -hp- 
engineers  achieved  the  -hp-  1 16A  Storage 
Unit  and  117A  Storage  Drawers.  The 
1 16A  is  a  sophisticated  cube  known  as  a 
“box.”  It  holds  up  to  3  plug-in  units  for 
-hp-  150A/AR  ’scopes;  prevents  dust  and 
elbows  in  the  circuitry.  Yours  for  $22.50. 
The  116A  also  holds  up  to  three  117A 
drawers  which  in  turn  hold  tools,  solder, 
components  and  bubble  gum.  -hp-  117A, 
a  modest  $10. 

HEWLETT-PACKARD  COMPANY 

495fA  Pot*  Mill  lead  .  Pole  Alia.  Callferele.  U.S.A. 
Coble  "HEWPACK"  •  DAveopert  S-44SI 
PleM  eafieeera  <•  mil  priactpel  area* 


-hp-  120A/AR  -  to  200  KC 
Sweeps  1  fisec/ cm  to  0.5  tec/ 
cm;  X5  sweep  magnifier,  auto¬ 
matic  trigger,  high  sensitivity 
calibrated  vertical  amplifiers, 
regulated  power  supplies, 
-hp-  1 20AR  (rack  mount,  7" 
high)  or  1 20A  (cabinet)  $435. 


Dafa  sub'fct  to  change  with¬ 
out  notico.  Pricos  f.o.b.  factory 


over  300  instruments. for  measuring  speed  and  accuracy 
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worth  living 


People  like  living  in  CIPStowns.  No  fighting  the 
suburbia  crowd  for  a  seat  on  the  commuter  train. 
Home  and  all  the  pleasures  of  really  living  are  just  a 
few  minutes  away  from  work. 

If  you  want  to  locate  your  new  plant  away  from  the 
hubbub  of  crowded  industrial  centers  .  .  .  but  still  in 
the  heart  of  resources  and  markets,  manpower  and 
movement  .  .  .  CIPStowns  are  the  answer.  Here  is 
where  plants  and  people  have  room  to  breathe,  to  grow 
and  to  prosper. 

For  information  on  available  plant  sites,  write,  wire 
or  call  our  Industrial  Manager.  He’ll  serve  as  your  con¬ 
fidential  assistant. 


Niiferic  Lincoln  thrinos  dot  tlio  country* 
sido  .  .  .  and  offor  inspiration  to  tho  poo- 
plo  of  CIPStowns. 


CEHTML  ILimiS  PUBLIC  SERVICE  COMPANY 

CfNERAL  OFFICES:  IlllNOIS  BUILDING,  SPRINGFIELD,  ILLINOIS 


Ctiurchos  at  all  faiths  havo  a  wido  vorioty 
of  roligious,  oducational  and  cultural  programs 
in  CIPStowns, 


■I’isja'.-  ■' :  [-■  1.  **■' 
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COAXIAL  CAALiS  madt  with  TFE-fluoro- 
carbon  rosins  resist  extreme  conditions  such 
os  those  encountered  ot  orctic  instollotions. 
They  remain  flexible  at  lowest  tempero- 
tures.  TFE  resins  are  outstanding  dielectrics 
even  at  super^high  frequencies. 


FLUOROCARBON  RESINS 


NUMBER  ) 

IN  A  SERIES 

ELECTRICAL 

DESIGN 

RF  PROPERTIES 


Microwave  components  of  TFE  resins  withstand 
severe  operating  conditions _ provide  iow  losses 


TEFLON  TFE-fluorocarbon  resins  provide  extremely 
low  dielectric  losses  and  high  dielectric  strength.  In  addi¬ 
tion,  they  offer  almost  unlimited  life  under  severe  environ¬ 
mental  conditions.  Recognition  of  these  features  has  led 
to  the  rapid  adoption  of  TFE  resins  for  microwave  and 
other  radio-frequency  applications.  More  than  a  decade 
of  outdoor  testing  has  proven  the  complete  resistance  of 
TFE  resins  to  weathering — to  sunlight,  moisture,  tropical 
heat  and  arctic  cold.  Applications  demanding  years  of 
contact  with  the  most  violent  corrosives  have  demon¬ 
strated  the  resistance  of  TFE  resins  to  virtually  all  chemi¬ 
cals.  The  resins  also  have  excellent  mechanical  properties 
— resilience,  impact  strength,  flex  life,  low  coefficient  of 


friction,  anti-stick  properties.  With  all  these  characteris¬ 
tics,  it  is  clear  why  TFE  resins  are  often  considered  ideal 
insulators,  especially  for  crucial  RF  applications.  In  ra¬ 
dar,  aviation,  guided  missiles,  TFE  resins  have  become 
indispensable.  This  issue  of  “Engineering  Facts”  will  de¬ 
scribe  some  of  the  RF  properties  of  TFE  resins  and  their 
applications. 


BETTER  THINGS  FOR  BETTER  LIVING 
.  .  .  THROUGH  CHtMISTKY 


POLYETHYLENE 


TFE  resins  moke  possible  miniaturization 
.  .  .  space  and  weight  savings 

Because  of  the  high  dielectric  strength  and  heat  resist¬ 
ance  of  TFE  resins,  center  conductors  can  operate  at 
higher  temperatures  and  carry  much  more  power  for  the 
same  cross  section.  For  example,  at  room  temperature 
the  substitution  of  a  coaxial  cable  with  a  core  of  a  TFE 
^  resin  permits  a  4-to-l  weight  saving  and  an 
8-to-l  space  saving  for  equivalent  power 
polyethylene  core.  The  resins  also 


COAXIAL  CABLE  SIZE  COMfARISON 


over  a 

solve  the  problem  of  getting  more  ampere 
turns  into  a  winding.  Finer  wire  can  be  used 
so  that  miniaturized  coils  are  possible.  Other 
electronic  components  benefit  in  the  same 
way.  Thus,  a  complete  electronic  chassis 
can  be  reduced  in  size  and  weight  by  the 
use  of  TFE  resins. 


Ralativ* 

Powar 

Rating 


Polyethylene 


Polyethylene 


TFE  resins 


*factor  of  improvement  higher  above  2000  MC 


Properties  of  TFE  resins  are 
dielectric  components  used 


TFE  resins  provide  exceptionally  low 
attenuation  . . .  low  dielectric  constant 


DIELECTRIC  CONSTANT 
AND 

DISSIPATION  FACTOR 


VS.  FREQUENCY 
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-.01  T 


-.001  o 


No  solid  exists  which  provides  lower  losses  at  high  fre¬ 
quencies  than  Teflon  TFE-fluorocarbon  resins.  A  unique 
feature  is  that  these  losses  do  not  vary  with  frequency— 
or  with  temperature. 

Better  radio  and  microwave  designs  are  made  possible 
by  the  dependably  low  losses  of  TEE  resins  under  all 
conditions.  The  low  dielectric  constant  of  TFE  resins 
makes  possible  designs  with  low  attenuation  and  low 
VSWR.  Dielectric  constant,  too,  does  not  vary  with 
frequency  or  temperature,  considerably  simplifying  de¬ 
sign  problems.  In  fact,  the  electrical  characteristics  of 
TEE  resins  are  essentially  invariant  from  low  audio  fre¬ 
quencies  to  the  highest  microwave  frequencies,  and  from 
the  lowest  temperatures  attained  by  liquefied  gases  to 
above  260°C. 
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DIELECTRIC  STRENGTH  VS.  FREQUENCY 


TFE  resins  have  good  high-frequency  dielectri 
strength  .  .  .  permit  higher  RF  voitages 


Dielectric  strength  in  oil 
W  breakdown  path 

%"  diameter  electrode 
’A"  radius 
40  sec.  test 


10>  to*  1(H  to*  to*  tor  to*  10* 

FliQUmCY,  CPS 


The  dielectric  strength  of  TFE  resins  drops  off  less  with 
increase  in  frequency  than  for  any  other  material  tested 
to  date.  Published  data  show  that  at  100  megacycles  it 
is  1 30  volts  per  mil.  Ordinary  glass  has  a  dielectric  strength 
of  only  20  volts  per  mil  at  100  me;  and  polystyrene  drops 
to  below  5%  of  its  60  cps  value.  Low  RE  heating  due  to 
low  loss  factor  is  thought  to  be  the  basis  of  the  superior 
performance  of  TFE  resins  ...  all  materials  have  con¬ 
tinuous  voltage  stress  ratings  below  their  short-term  di- 
electric-stren^th  values  to  avoid  the  erosive  action  of 
corona.  High-voltage  operation  is  practical  with  any 
low-loss  material  like  TFE  resins,  provided  volt-per-mil 
stress  is  below  corona  initiation.  The  chemical-thermal 
properties  of  TFE  resins  give  them  longer  life  at  voltages 
of  any  frequency,  in  absence  of  corona,  than  other 
materials.  Their  high-frequency  dielectric  strength  sug¬ 
gests  TFE  resins  need  not  be  derated  as  much  as  other 
plastics  at  high  frequencies. 


DIELECTRIC  CONSTANT 


unsurpassed  for  making 

from  low  to  microwave  frequencies 


DIELECTRIC  CONSTANT 
AND 

DISSIPATION  FACTOR 


VS.  TEMPERATURE,  °C 
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TEMPERATURE,  X 
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INCREASE  IN  MECHANICAL  PROPERTIES  BY  USE  OF  RLLERS 


PROPERTY 

FACTOR  OF 
IMPROVEMENT 

Resistance  to  creep 

2  to  6 

Resistance  to  initial 
deformation  under  load 

1.25  to  4 

Stiffness 

2  to  3 

Thermal  conductivity 

5 

Resistance  to  wear 
by  rotating  shafts 

up  to  500 

DIELECTRIC  CONSTANT 
AND 

DISSIPATION  FACTOR 
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OUTDOOR  EXPOSURE,  (ycara) 


TFE  resins  are  rated  for  operation 
at  extreme  temperatures 


TFE  resins  provide  the  best  performance  of  any  plast  ic 
at  both  very  low  and  very  high  temperatures.  Impact 
strength  of  the  TFE  resins  even  at  liquefied  gas  tempera¬ 
tures  is  good.  The  resins  are  elastic  and  can  be  used  at 
-70°C.  in  services  where  they  undergo  constant  flexing. 
They  are  rated  for  continuous  operation  at  260°C.  The 
resistance  of  TFE  resins  to  high  temperatures  makes 
them  particularly  suitable  for  use  at  high  power  levels. 
Heat  aging,  which  results  in  the  cracking  and  embrittle¬ 
ment  of  most  other  high-grade  insulations,  is  completely 
eliminated  at  temperatures  to  at  least  260°C.  TFE  resins 
are  among  the  few  insulators  that  remain  effective  at 
microwave  frequencies  under  severe  conditions  of  cli¬ 
matic  and  mechanical  shock.  This  is  especially  useful  in 
designing  airborne  components. 


TFE  resins  simplify  assembly  of  components 
for  high-frequency  use 


TFE  resins  can  withstand  continuous  application  of  a 
soldering  iron  or  dip  soldering.  This  facilitates  assembly 
especially  in  densely  wired  equipment  or  where  shielded 
wiring  or  thin-walled  insulation  is  required.  In  thicker 
sections,  parts  made  of  TFE  resins  are  relatively  stiff. 
For  RF  applications  where  extreme  rigidity  is  required, 
the  use  of  special  fillers  such  as  quartz  or  a  glass  is  p>ossi- 
ble  with  some  loss  in  electrical  properties.  The  elasticity 
of  the  resins  is  also  useful  in  assembly;  feed-through  in¬ 
sulators  can  be  snapped  into  place  in  slightly  under¬ 
sized  drill  holes.  Complex  microwave  parts  can  be  ma¬ 
chined  from  basic  shapes  such  as  rods,  sheets  and  tubes. 
A  variety  of  special  processes  is  available  for  bonding 
TFE  resins  (normally  non-adhesive)  to  other  materials. 
One  heat-bonding  resin  has  electrical  properties  like 
those  of  TFE  resin.  Additional  information  is  available 
on  request. 


TFE  resins  have  practically  unlimited 
resistance  to  aging  and  weathering 


TFE  resins,  unlike  most  other  plastics,  are  completely 
unaffected  by  weather.  After  12  years  of  Florida  expo¬ 
sure,  no  deterioration  in  properties  could  be  detected. 
Water  does  not  wet  a  clean  surface  of  TFE  resin.  Thus, 
standoff  insulators  do  not  short  out.  No  water  is  ab¬ 
sorbed,  so  that  volume  and  surface  resistivities  remain 
at  their  normal,  extremely  high  level— well  beyond  the 
measurable  range  of  ordinary  instruments.  Freezing  cold, 
ultraviolet  rays  and  salt  spray  are  harmless  to  TFE 
resins.  They  are  unaffected  by  microorganisms  and  soil 
chemicals  of  any  nature.  Heat  aging  at  250°  C.  showed 
no  effect.  Their  resistance  to  aging  makes  TFE  resins  use 
ful  in  applications  such  as  environmental 
test  chambers  for  component  testing. 
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Insulators  of  TFE  resins  save  costs . . . 
increase  compactness  and  safety  of  equipment 
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iPtioto  courleiy  of  Dratten-Bornes  Corp.l 

STANDOFF  INSULATORS  of  TFE  resins  replace 
component  mounting  boards  because  they  snap 
into  metal  chassis.  Low  leakage  of  the  resins  even 
in  moist  air  and  use  of  grounded  metallic  terminal 
board  prevent  cross  talk  and  stop  leakage  cur¬ 
rents  from  reaching  adjacent  circuits.  Especially 
useful  in  low-level,  high-impedance  circuits,  chassis 
design  costs  no  more,  permits  ease  of  fabrication. 


iPhoto  courtesy  of  Diamond  Antenna  &  Microwave  Corp.l 

RADOME  for  K-band  antenna  matches  impedance 
of  feed  horn  to  space  and  provides  protection 
against  weather.  Wave-guide  impedances  at  input 
and  output  of  ferromagnetic  rotator  in  the  feed 
are  matched  with  minimum  insertion  loss  by  in¬ 
ternal  cones  of  TFE  resins.  Since  the  resins  do  not 
absorb  moisture,  the  low  dielectric  constant  re¬ 
mains  stable. 


(Photo  courtesy  of  Thompson  Romo-Wooldridge,  Inc.l 


TV  TRANSMITTER  SWITCH  used  with  3V'  rigid 
coaxial  line  handles  55  KW  in  the  (JHF  band  with 
very  low  loss.  Both  high  frequency  rating  and  high 
temperature  performance  are  made  possible  by 
use  of  TFE  resins.  They  end  the  problem  of  im¬ 
pact  cracking  of  the  dielectric  and  eliminate  main¬ 
tenance.  Insulating  layer  is  machined  from  a  sheet 
ofTFE  resin 


WEIGHT  SAVINGS  AND  ECONOMIES  are  possible  with 
TFE  resins  in  industries  such  as  the  aircraft  industry. 
For  example,  the  dollar  savings  per  foot  of  cable  made 
piossible  by  the  higher  power-to-weight  ratio  of  TFE  res¬ 
ins  becomes  vital  in  aircraft  and  missiles  where  every 
pound  of  load  requires  several  pounds  of  air  frame  and 
engine  to  carry  it.  Another  area  of  savings  results  from 
the  ready  soldering  of  cable  to  connector,  since  TFE  resins 
will  not  melt,  shrink  back  or  be  sliced  through  by  heated 
conductors  during  soldering.  Furthermore,  in  high-speed 
aircraft  where  skin  temperatures  sometimes  exceed  200°C. 
and  ambient  temperatures  in  electronic  devices  run  very 
high,  the  savings  in  refrigeration  equipment  can  be  sub- 
tantial.  Components  can  be  made  much  smaller  and  lighter 
with  TFE  resins  with  no  sacrifice  in  performance. 


Dielectrics  that  do  the  job  safely  and  reliably  are  the 
least  costly  in  the  long  run.  TFE-fluorocarbon  resins  are 
the  most  dependable  organic  insulating  materials  known. 
They  simplify  assembly  operations  and  lessen  their  cost. 
They  minimize  rejections.  They  reduce  or  may  entirely 
eliminate  maintenance  costs.  TFE  resins  help  engineers 
meet  the  most  stringent  MIL  specifications. 


Typical  RF  Uses  of  TEFLON  TFE-fluorocarbon  resins 

Coax,  RF  connectors  •  Flush  antennas  •  Antenna  horns,  ra- 
domes  •  Microwave  printed  circuits  •  Rotary  RF  joints  •  RF 
switches  •  Duplexers  and  other  waveguide  components  • 
Standoffs,  feedthrough  bushings,  spacers 


SEND  FOR  INFORMATION 

Discover  how  Du  Pont  TFE-fluorocarbon  resins  can  help  you  im¬ 
prove  your  products  both  electrically  and  structurally.  For  property, 
design  and  end-use  information,  contact  a  processor  of  fluorocarbon 
resins  (listed  in  the  Yellow  Pages  under  “Plastics”)  or  write  to:  E.  I. 
du  Pont  de  Nemours  A  Co.  (Inc.),  Polychemicals  Department,  Room 
2524,  Nemours  Building,  Wilmington  98,  Delaware. 

In  Canada;  Du  Pont  of  Canada  Limited,  P.O.  Box  660,  Montreal,  Quebec. 

Teflon  is  Du  Pom’s  registered  trademark  for  its  fluorocarbon  resins, 
including  the  TFE  (tetrafluoroethylene)  resins  discussed  herein. 


TEFLON 

TFE-FLUOROCARBON  RESINS 


*t«.u.5.  PAT.Orf 

BETTER  THINGS  FOR  BETTER  LIVING  ...  THROUGH  CHCMISTkY 


/ 


ADAPTABILITY. .  .with  Leesona*  No.  107 


These  attachments  enable  you  to 
ti'ind  small  O.D.  or  space-mnind  coils 
—  automatically  —  with  one  operator 
assigned  to  tico  or  more  machines. 

Top  speeds  plus  efiicient  operation 
make  the  Leesona  I\o.  107  today’s 
outstanding  coil  winder  for  long  runs 
of  paper-insulated  coils.  Optional  at¬ 
tachments  like  these  adapt  its  abilities 
to  your  coil-winding  problems: 

Short  Taper  Attachment 

Gives  you  tight  w  inding  and  greater 
coil  density  in  round  coils  with  mini¬ 
mum  paper  insert  length  of  1%'. 
Winds  compact  coils  on  arbor  diam¬ 


eters  as  small  as  Vi*  insuring  correct 
paper  overlap. 

Paper  Miss  Detector 

Automatically  stops  the  machine  in 
case  of  paper  miss,  on  both  standard 
and  short  paper  winding  operations  — 
leaving  operator  free  to  run  two  or 
more  machines! 

Space  If  ind  Attachment  for 
High  Voltage  Coils 

Automatically  winds  spaced  turns 
for  a  given  width  on  specified  layers 
by  electronic  control.  Also  auto¬ 
matically  spaces  approximately  two 
turns  at  each  end  of  a  layer  to  insure 


against  crossovers  at  the  end  of  the 
traverse. 

If  your  business  involves  winding 
paper-insulated  coils,  you  need  the 
high  accuracy  and  low  cost  of  the 
I.eesona  No.  107  ('oil  Winder.  Send  in 
the  attached  coupon  now. 


II  UNIVERSAL  WINDING  COMPANY 

_  fO«  winding  cons  IN  QUANTITY  . . .  ACCU«ATaY . . .  AUTOMATICAUY 
...  USE  IHSONA  WINDING  MACHINES 


Universal  Winding  Company 
P.O.  Box  1605,  Providence  1 
Rhode  Island,  Dept.  122 
Please  send  roe: 

□  Bulletin  on  the  Leesona  No.  107 
Coil  Winders. 


Name . Title . 


Company . 


City . Zone. . . . State. 


SEE  US  AT  BOOTH  NUMBER  4323  AND  4325  AT  THE  I.R.E.  SHOW 
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from  THE  WORLD'S  LARGEST  SEMICONDUCTOR  PLANT 


105  db  ga.in  in  60  me  l-F  strip 


Write  on  your  company  lotterhoad  for  105  db  gain, 
eight  stage,  60-nK  i-f  amplifier  applications  brochure. 


...with  XI  3ISI35 


silioom  'transistors 


10S  db  I-F  STRIP 
CHARACTERISTICS 


Bandwidth:  20  me  at  3-db  down 


Center  Frequency:  60  me 


The  high  gain  of  TI  3N35  transistors  at  high 
frequencies  permits  mismatch  in  the  interstage 
coupling  networks  to  eliminate  complicated  neu¬ 
tralizing  circuitry.  You  save  extra  component 
costs,  design  with  ease  and  gain  added  reliability 
. . .  because  the  mismatch  in  this  application  sacri¬ 
fices  only  2.55  db  gain  per  stage ! 


Designed  for  your  high  frequency  oscillators,  i-f, 
r-f,  and  video  amplifier  circuits,  the  TI  3N35 
features  . . .  20-db  power  gain  at  70  me  . . .  typical 
150-mc  alpha  cutoff . . .  operation  to  150°C.  These 
characteristics  make  transistorization  feasible  for 
radar,  communications,  missile,  and  other  high 
reliability  military  applications. 


In  commercial  production  at  TI  for  two  years,  the 
3N35  has  a  product-proved  record  of  high  per¬ 
formance  and  high  reliability.  These  units  are  in 
stock  now!  For  immediate  delivery,  contact  your 
nearby  TI  distributor  for  1-249  quantities  at  fac¬ 
tory  prices ...  or  call  on  your  nearest  TI  sales 
office  for  production  quantities. 


No  noutrallzatlon  required 


Texas  Instruments 

INCORPORATED 


•EMICONDUCTOR.COMPONENTS  DIVISION 
ROST  OFFICE  SOX  SIS  .  I SBOO  N.  CENTRAL  EXPRESSWAY 
DALLAS.  TEXAS 


FINANCIAL  ROUNDUP 

Firms  Announce  Mergers 


Mergers,  acquisitions  and  other 
amalgamations  are  proceeding  at  a 
brisk  pace  during  this  year’s  first 
quarter.  Latest  check  on  announced 
combinings  includes  the  following: 

•  Terms  have  been  agreed  to  by 
Ling  Electronics,  Richardson, 
Tex.,  and  Altec  Companies,  Inc., 
Anaheim,  Calif.,  for  the  acquisi¬ 
tion  of  Altec  stocks  by  Ling  on  a 
share-per-share  exchange  of  com¬ 
mon  stock.  On  completion  of  the 
transaction,  which  is  now  pending 
before  the  Securities  and  Ex¬ 
change  Commission,  Altec  Compa¬ 
nies,  Inc,,  and  its  subsidiary,  Altec 
Lansing,  will  both  operate  as  sub¬ 
sidiaries  of  Ling.  Altec  Service  Co. 
will  function  as  a  division  of  Altec 
Companies,  Inc. 

•  Stockholders  of  Cessna  Air¬ 
craft  Co.,  Wichita,  Kan.,  and  Air¬ 
craft  Radio  Corp.,  Boonton,  N.  J., 
have  approved  merger  plans  pro¬ 
viding  for  exchange  of  two  shares 
of  Cessna  stock  for  three  shares  of 
ARC.  Final  signing  of  the  agree¬ 
ment  took  place  last  week  at  Boon- 
top.  Company  officials  say  the  spe¬ 
cialized  facilities  under  which 
ARC  produces  navigation  and  com¬ 
munication  gear  for  small  aircraft 
make  the  firm  a  logical  acquisi¬ 
tion  for  Cessna. 

•  Combined  operations  between 
Varian  Associates,  Palo  Alto, 
Calif.,  and  Bomac  Laboratories 
Inc.,  Beverly,  Mass.,  will  come 
about  through  an  exchange  of  com¬ 
mon  stock.  Varian  will  acquire  80 
percent  intere.st  in  Bomac  and 
have  an  option  to  acquire  the  bal¬ 
ance  of  outstanding  Bomac  com¬ 
mon  stock.  Negotiations,  which 
were  completed  late  last  month, 
are  awaiting  final  settlement  of 
legal  and  accounting  matters. 

•  Announcement  of  merger  has 
been  made  by  officials  of  East- 
tern  Air  Devices  Inc,,  Dover,  N.  H., 
and  Norbute  Corporation,  indus¬ 
trial  division  of  Crescent  Petro¬ 
leum  Corp.,  New  York.  Considera¬ 
tion  for  which  Norbute  acquired 
EAD  was  not  disclosed.  It  was  re¬ 


vealed  that  the  exchange  involved 
transfer  of  stock  as  well  as  cash. 

•  Sprague  Electric  Co.,  North 
Adams,  Mass.,  has  purchased  the 
magnetic  component  and  filter 
product  lines  of  the  Hycor  Divi¬ 
sion  of  International  Resistance 
Co,,  Philadelphia,  according  to  a 
joint  announcement  of  both  firms. 
Sprague  will  take  over  the  man¬ 
ufacture  of  Hycor  lines  which  were 
formerly  made  by  the  IRC  division 
at  its  Sylmar,  Calif.,  plant. 


OVER  THE  COUNTER 


1958  BIDS 

COMMON  Jan.  30 

Fab.  6  ! 

LOW 

HIGH 

STOCKS  BID 

BIO  ASKED  ! 

314 

2042 

Acaastica  Assact 

2044 

22Vk 

2744  i 

14k 

3 

AAvance  laAvstrits 

344 

34i 

444  i 

34k 

64k 

Aeravai 

7H 

74k 

84a  i 

204i 

33 

Anar  Ras  A  Dav 

3744 

3844 

404k  i 

1644 

2444 

AMP  Ik 

23>4 

244k 

2644  i 

54i 

15 

Agil'i  Sci  Priacat 

9 

9V4 

1144 

Uk 

84k 

Aviea,  A 

9I4 

81/4 

10V2  ! 

644 

24 

BairE-Atamic 

2544 

2644 

294b 

934 

134k 

BaraEy 

14 

14 

1544  ! 

M4 

9 

Caka  Elactraaics 

744 

744 

84a 

11 

2242 

Callias  RaEia,  A 

23 

2344 

254k  ! 

1014 

2244 

CalMis  RaEla,  8 

23 

2344 

2S4k 

4 

7 

Crait  Systeais 

74a 

74k 

842 

30 

5042 

Dictapkaaa 

474k 

46 

504k  1 

174k 

254» 

Eastara  liEastrias 

201 4 

2044 

2242  j 

lOVj 

21 

Electra  lastr 

24(4 

234k 

26(4  1 

34 

49 

EIcctroaic  Assacs 

48 

48 

5342  I 

5 

11 

Elcctraaic  Res'rek 

12 

121 4 

I3I4 

8V2 

1244 

Electriaic  Spec  Ca 

13 

134  k 

144k  1 

1544 

494'2 

Eptet,  lac 

404k 

36 

42  1 

54k 

91s 

Eria  Rasistar 

1042 

10 

1142 

10 

1742 

Fisekar  A  Partar 

154k 

1544 

1744 

3614 

50 

Faikara 

49 

4942 

54 

542 

104'2 

(-1  Elactraaics 

134  k 

1344 

16(4 

12 

27 

Giakkiai 

28 

26V2 

32 

30 

3942 

Hawlett-PackarE 

40(2 

39 

43 

23>4 

48 

Hi|k  Valtaia  Ekf 

54 

544k 

59 

II4 

3 

Hycaa  Mfc 

34i 

31,4 

34k 

14k 

54k 

laEastra  fraas’tar 

24k 

2I4 

34k 

142 

444 

JarralE 

444 

44k 

5V2 

21 

30 

D.  S.  KaaaaEy 

3242 

3644 

44 

344 

29 

Lak  Fir  El'traaics 

2514 

26  V2 

304b 

19>4 

28 

LeaEs  A  Nartkrap 

301 4 

29(4 

3242 

2 

34k 

Laatraaics 

2 

2(k 

24k 

5 

1844 

like  EiNtraaics 

1842 

18 

194k 

16 

2042 

Macklatt  Laks 

244k 

25 

284a 

314 

844 

Mataetic  Aaiplihari 

7I4 

742 

814- 

24k 

44<i 

Matactics,  lac 

31b 

34k 

41/a 

44k 

12 

W.  L.  Maasaa 

134k 

134k 

1544 

lOH 

29 

Micriwava  Assacs 

334k 

34 

3714 

544 

1144 

MiEwestcra  lastr 

121^ 

134k 

151a 

14k 

7 

Mtaoiram  Pracis'a 

84k 

84k 

944 

31^  7U  Nar«a  Microwave  7>A  8>.i 

9^4  16  Natiooal  CamMoy  18>'2  iSMr  21Vi 

14V4  56  Nvclear  CkicafO  28V2  30>^  344k 


1442 

2934 

OrraEia  laEastries 

29 

2934 

3242  i 

442 

7H 

Pacitic  Marcary,  A 

91  a 

9I4 

11 

104k 

274k 

PackarE-Bell 

31 

31 

354i 

4(4 

94k 

Piaellit,  lac 

644 

614 

74k 

21 

5344 

Perkia-Elaier 

47 

4642 

504k 

114a 

194  k 

RaEiatiaa,  A 

18 

1834 

2IV2 

2Va 

74k 

Raevas  SaaaEcraft 

74k 

64k 

84k 

13 

321/2 

SaaEers  Assaciatas 

32 

30 

354k 

7 

12 

SaaaEScriker 

18 

1834 

204k 

2214 

40 

Spratae  Electric 

414k 

41 

444k 

26 

35 

Taylar  lastraneats 

33 

3244 

354k 

5(2 

15 

Tackaical  Oparat’as 

1634 

1644 

184s 

54k 

1544 

Teleckraaia  Mfg 

18 

18 

204t 

3(4 

744 

Talecanpatiag 

844 

74k 

834 

14k 

244 

Tal-lastraneat 

214 

244 

34k  1 

8I4 

161,4 

Tapp  liEastrias 

1414 

1434 

167,4  i 

334 

1044 

Tracarlak 

1114 

1014 

124k  1 

IVa 

34k 

Uaiversal  Traas'tar 

1 

1 

14k  1 

141 4 

40 

Variaa  Assaciatas 

42 

43 

47I4 

124k 

184k 

Vitra  Carp.  Aaiar 

I614 

153/k 

174k 

The  above  "bid"  and  "asked"  prices  prepared 
by  the  National  Association  of  Secuiities 
Dfalkks.  Inc.,  do  not  represent  actual  trans¬ 
actions.  Thev  are  a  guide  to  the  range  with¬ 
in  which  tnese  securities  could  have  been 
siild  (the_  "BID"  ptice)  or  bought  (the 
"ASKED"  price)  during  preceding  week. 


Designed  for  troubiw-froo  oporotion  .  .  . 
thw  Swriws  48  relays  fwoturo  AEMCO's  pot- 
•ntwd  latching  machanlsm — for  graalar 
dapwndability  than  ordinary  com  or  rochol 
relays.  Construction  is  rugged — latch  action 
is  positive  I  Contacts  lock  open  or  closed 
mechanically  with  a  momentary  impulse  to 
relay  coil.  SPST  up  to  DPDT — rated  1 0  amps, 
at  115  V.  SPST  up  to  4PDT — rated  at  2 
amps,  at  1 1 5  V. 

SPECIFICATIONS;  CORE;  Solid  core,  heavy 
copper  shading  ring.  COIL;  Vacuum  vornish 
impregnated  and  baked — tested  for  1000  V 
RMS  breakdown.  INSULATION;  Standard 
NEMA  Grade  XXXP  Phenolic.  CONTACTS; 
Vi*  dia.  for  10  amp.  models — fine  silver  or 
silver  alloy.  Vi'  dio.  for  2  amp.  models — 
fine  sibrer,  gold  alloy,  or  palladium  contacts. 
All  metol  ports  except  stainless  steel,  cadmium 
plated  with  cronok  finish,  latching  members 
available  with  case-hardened  ports  if  desired. 
For  complete  information  on  these  Series  48 
Relays,  write  for  descriptive  data  aheet. 


Need  relays? 
ask 


ACMCO  offefi  o  compists  line  of 
reloyt  in  o  wide  choke  of  ipfinp 
end  coN  combinot*on».  operoting 
potentiali.  and  contact  ratings.  If 
one  of  hundreds  of  stondord 
AEMCO  relay  types  does  not  es* 
octfy  meet  your  requirements,  we 
will  be  happy  to  design  and  menu* 
foctvre  a  unit  to  meet  or  emceed 
your  requirements. 


AEMCO  olio  monufoctures  o  complete  line  of  So* 
quence  ond  Automotic  Re*Set  Timers*  Time  Switches 
end  Sign  Floshers. 


/  n/mTooav 

^  Your  inquirtei  ere  invited.  Adi  for 

V  f'**  copy  of  Reiey  Cotofog 

V  describing  oil  stondord  ro/oys  in  i 

the  AEMCO  lino. 


INCORPORATBD 
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lF®r  iwdiFW  Fu 


there’s  a  safe  and  dependable 
BUSS  or  FUSETRON  Fuse 


The  complete  BUSS  and  FUSETRON 
fuse  line  includes: 

Single-element  fuses  for  circuits  where 
quick-blowing  is  needed;  —  or  single¬ 
element  fuses  for  normal  circuit  protec¬ 
tion;  —  or  dual-element,  slow-blowing 
fuses  for  circuits  where  harmless  current 
surges  occur;  —  or  indicating  fuses  for 
circuits  where  signals  must  be  given 
when  fuses  open.  Fuses  range  in  sizes 
from  1/500  amperes  up  —  and  there’s 
a  companion  line  of  fuse  clips,  blocks 
and  holders. 


Tell  us  your  requirements  and 
ive'll  have  a  fuse  to  match,  for 
example: 

For  fuses  that  abolish  needless  blows 
.  .  specify  .  .  Fusetron  fuses 


'A  X  1  'A  inch. 
Glass  tube. 


dual-element  —  slow  blowing  type 
These  fuses  avoid  needless  blows 
from  starting  currents  or  surges.  Yet 
protection  is  afforded  against  short- 
circuits  or  continued  overloads. 

Test  xpecificationa  —  carry  110%,  open  at 


BUSSMANN  Mre.  DIVISION  fAcGnwtdinn  Co. 
Uflivcriify  at  j«ffarson,  St,  Louts  7,  Mo. 


I 


Test  specifications 
135%  within  1  hour. 

Voltogo 
250  or  less 
1  25  or  less 
32  or  less 


Amperes 

up  to  2 
up  to  7 
up  to  30 


For  Signal  or  Visual  indicating  fuses  . . . 
specify  .  .  .  Fusetron  FNA  fuses 


Each  fuse  electrically  tested  ta 
assure  yau  dependability 

Every  BUSS  or  FUSETRON  fuse  is 
tested  in  a  sensitive  electronic  device 
that  automatically  rejects  any  fuse  not 
correctly  calibrated,  properly  construc¬ 
ted  and  right  in  all  physical  dimensions. 

You  get  the  safest,  most  modern  pro¬ 
tection  possible  when  you  specify  BUSS 
or  FUSETRON  fuses.  You’ll  save  time 
and  trouble  too,  by  using  this  one  source 
for  all  your  fuse  needs. 

For  more  information, 
write  for  bulletin  SFB. 


1  3/32  X  1  Vi  inch. 


Fusetron  fuse  with  indicating  pin 
which  extends  when  fuse  is  blown. 
Can  be  used  in  BUSS  fuseholders  to 
give  visual  signal  or,  if  desired,  pin 
can  be  used  to  actuate  a  light  or 
audible  signal  by  using  fuses  in  BUSS 
Signal  fuse  block. 

0  to  2 14  ampere  sizes  and  12  to  15 
ampere  sizes  listed  as  approved  by 
Underwriters’  Laboratories. 

Vottoga  Am|»art« 

250  or  less  l/lO  to  30. 


For  fast  acting  fuses  for  protection  of 
instruments  specify  BUSS  AGC  fuses 


'A  X  }  'A  inch. 
Glois  tube. 


In  sizes  up  to  2  ampere,  for  circuits 
of  250  volts  or  less,  they  provide  high 
speed  action  necessary  to  protect 
sensitive  instruments  or  delicate 
apparatus. 

Listed  as  approved  by  Underwriters'  Lab* 
oratorieM. 

Test  apecificationa  —  carry  110%,  open  at 
135%  in  1  hour  or  leas.  1  500  to  2  amnere  sizes 
also  will  o|)en  at  200^0  load  in  5  seconas  or  leas. 


For  high  interrupting  capacity  fuses  . . . 
specify  .  .  BUSS  KTK  fuses 


13/32  X  1 '/i  inch. 


Capable  of  safely  interrupting 
68,000  amperes  at  voltages  of  500 
or  less,  AC  or  DC. 

Teat  Bpecibcationa  —  Carry  110%,  open  at 
135%  in  1  hour  or  leas. 

Veltoga  Amparat 

500  or  lew.  1/I0to30. 


BUSS  fuses  are  made  fa  protect,  —  not  to  blow,  needlessly. 

BUSS  makes  a  complete  line  of  fuses  for  home,  farm,  cammercial, 
electronic,  automotive  and  industrial  use. 
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RANGE 


7  RANGE 


WIDE  RANGE  COVERAGE 


Traditional  Weston  quality  alone  would  keep  these  fa¬ 
mous  model  904  portable  instruments  ’way  in  the  lead. 
But  their  exceptionally  broad  range  coverage,  plus 
other  exclusive  features  which  distinguish  this  com¬ 
prehensive  instrument  line  such  as . . .  unequalled  scale 
visibility . . .  wrap-around  windows . . .  hand  calibrated 
mirror  scales  and  knife-edged  pointers  . . .  convenient 
terminal  locations  .  .  .  efficient  shielding  .  .  .  rated 
accuracy  of  0.5%  ...  make  them  standouts  for  labora¬ 


tory  or  shop  portable  needs.  Other  instruments  in  this 
broad  line  include  D-C  Voltmeters,  Volt-Ammeters, 
Ammeters,  Milliammeters;  A-C  Voltmeters,  Amme¬ 
ters,  Milliammeters;  and  A-C  and  D-C  single-phase 
Wattmeters.  For  complete  information  see  your  local 
Weston  representative  or  write  for  literature  .  . . 
WESTON  INSTRUMENTS,  Division  of  DAY- 
STROM.  Inc.,  614  Frelinghuysen  Avenue,  Newark 
12,  New  Jersey. 


Visit  us  at  Booths  8102,  1901,  Radio  Enginoering  Show,  N.  Y.  Colisoum,  Mar.  23-26 
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GOWNS  COVERALLS 
CAPS  SHIRTS 
HOODS  TROUSERS 
BOOTS  DRESSES 
GLOVES  SMOCKS 


Need  lint-Free  I  «*r«i_bese^ 
Acid-Resistant; 

Synthetic 

I  Uniforms? 

!  1.0  — 

Angelica  “engineers"  g 

your  uniform  problems 


FM  RADIO  SET  PRODUCTION 

(selected  years) 


F-AA  Radio  Set  Output  Rising 


19S3  1954 


1958 


1948  1950 


Angelica  has  worked 
with  hundreds  of 
electronic  parts 
manufacturers, 
“engineering”  their 
lint  or  acid  prob¬ 
lem.  Angelica,  the 
world’s  largest 
manufacturer  of 
washable  uniforms, 
has  sales  represent¬ 
atives  in  all  major 
cities,  trained  to 
discuss  your  prob¬ 
lems,  to  assrire  you 
of  getting  uniforms 
that  meet  your  spre- 
cific  needs. 

Write  or  call  the 
nearest  Angelica 
Regional  Sales 
OflBce  today. 


V  f  UNIFORMS 


1427  Ollv*  Si.  Imrii  S.  Me. 
107  W.  4Mli  SI.,  New  Verfc  34,  N.  V. 
177  N.  MNhtten  Ave.,  CMcege  1,  III. 
1900  W.  Pice  Mv4..  Let  Angelet  4,  CelH. 
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F-m  radio  set  reports  show  produc¬ 
tion  is  on  the  way  up. 

Some  576,00  sets  were  produced 
last  year,  including  376,000  Amer¬ 
ican-made  and  200,000  foreign  im¬ 
ports.  Figures  include  f-m  and  a-m/ 
f-m  radios  and  a-m/f-m  radio-pho¬ 
nograph  combinations  but  exclude 
f-m  tuners. 

Indications  are  that  1959  output 
will  be  still  higher.  Reasonably 
close  forecasts  are  not  available, 
but  those  familiar  with  the  market 
feel  there  is  no  question  that  pro¬ 
duction  will  continue  to  increase. 

Despite  effects  of  recent  reces¬ 
sion,  production  in  1958  is  believed 
to  have  been  somewhat  higher  than 
1957.  It  is  difficult  to  measure 
precisely  the  gain  over  1957  be¬ 
cause  of  changes  in  methods  of  re¬ 
porting  figures. 

Major  radio  set  makers  have  in¬ 
creased  production  to  keep  up  with 
resurgent  demand,  National  Asso¬ 
ciation  of  Broadcasters  says.  One 
manufacturer  reports  his  .sales  of 
f-m  table  models  have  doubled  in 
the  last  five  years. 

Upward  trend  stands  out  in  re¬ 
lation  to  1954  f-m  set  output,  the 
recent  low-point.  In  that  year  pro¬ 
duction  totaled  a  scant  189,000 
units.  Previous  high  in  f-m  output 
was  reached  in  1948  when  American 
factories  turned  out  more  than  one 
and  a  half  million  receivers.  Pro¬ 
duction  in  1950  remained  high — 


1,472,000  units.  Dropoff  became 
noticeable  in  1953  when  domestic 
production  totaled  456,000  sets. 

Foreign  f-m  manufacturers  have 
recently  exhibited  vigorous  activity. 
A  leading  exporter  of  f-m  sets  is 
West  Germany.  Its  output  has  been 
heavy  since  1955.  Japan  is  now  re¬ 
ported  entering  the  market. 

High  fidelity  has  been  one  of  the 
most  significant  factors  in  f-m 
gains.  A  healthy  segment  of  radio 
listeners  are  interested  in  the 
quality  reception  which  hi-fi  can 
provide  via  f-m.  Stereo,  too,  will 
have  a  salutary  effect  upon  f-m  pro¬ 
duction  and  sales,  says  NAB,  but  it 
is  still  too  early  to  determine  the 
extent  of  stereo’s  influence. 

FIGURES  OF  THE  WEEK 

LATEST  WEEKLY  PRODUCTION  FIGURES 


(Source:  EIA) 

Jan.  30, 
1959 

Jan.  2, 
1959 

Change  From 
One  Year  Ago 

Television  sets 

129,745 

61.007 

+8.3% 

Radio  sets  (ex.  auto)  295,036 

192,562 

+20.0% 

Auto  sets 

95,323 

79,228 

+19.3% 

STOCK  PRICE  AVERAGES 

(Standard  &  Poor's) 

Feb.  4, 
1959 

Jan.  7f 
1959 

Change  From 
One  Year  Ago 

Electronics  mfrs. 

72.74 

72.84 

+33.7% 

Radio  &  tv  mfrs. 

79.03 

79.79 

+68.5% 

Broadcasters 

81.08 

78.22 

+35.9% 

LATEST  MONTHLY  SALES  TOTALS 

(Add  000) 

Dec. 

1958 

Nov. 

1958 

Change  From 
One  Year  Ago 

Transistors,  value 

$16,596 

$12,442 

+150.7% 

Transistors,  units 

5,628 

5,441 

+102.9% 

Rec.  tubes,  value 

$25,123 

$29,854 

+1.0% 

Rec.  tubes,  units 

28,504 

35,640 

+2.8% 

Pic.  tubes,  value 

$12,644 

$15,008 

—2.5% 

Pic.  tubes,  units 

649 

789 

+0.8% 
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the' right 'capacitor  for  the  application  ••  • 
your  job . . .  and  Centiplabs 


choose  from 


in  a  wide  ran^^e  of  values,  voltage  ratings, 
tolerances  and  phy^oal  sizes 

Wherever  you  need  a  feed-thru  capacitor,  you  can  be  sure  that  centralab  can 
meet  your  needs.  The  table  below  shows  the  many  varieties  that  make  up  the 
most  complete  line  in  the  industry — and  you  get  the  added  benefit  of 
centralab’s  unequalled  experience  in  the  design  and  manufacture  of  ceramic 
capacitors.  Whether  it’s  for  high  frequency,  filtering,  bypass,  or  coupling,  you’ll 
find  the  unit  you  need  in  this  group. 

CENTRALAB  Engineering  Bulletins  (FT  Group)  give  you  all  the  details.  Write 
for  your  copies  today. 


of  Centralab 

FEED-THRU 
CAPACITORS 


ACTUAL  SIZE 
ILLUSTRATION  t 


CAP.  RANGE  fflmf 


RATING 

VDCW  VDCT 


Bushing  type 
DA-717 


Bushing  type 
DA-720 


Step  type 
DA-728 


Step  type 
DA-729 


Ring  type 
DA-740* 


Ring  type 
DA-741* 


Eyelet  type 
DA-784 


Eyelet  type 
DA-785 


Eyelet  type 
DA-787 


Resistor- 
CapKitor 
type  732 


Centplab/ 


t  Units  marked  t  are  M  actual  size 


APPLICATIONS 


High  frequency 
filtering,  bypass,  etc. 

5%  tolerance 
in  lower  values 


Med.  freq.  use, 
bypass,  TV  tuners,  etc. 
^  10%  tolerance 
below  200  mmf. 


Symmetrical  design. 
Inserts  from  either 
end . . .  ideal  for 
automatic  insertion 


For  high  frequency 
filtering  and 
bypass,  where  size 
is  important 


Resistor-Capadtor 
in  parallel. 

**1500  VAC  test  when 
immersed  in  Silicone 
oil  cooled  with  dry  ice. 


A  Division  of  Globe-Union  Inc. 

91 4B  E.  KEEFE  AVE.  •  MILWAUKEE  1.  WIS. 
In  Canada:  804  ML  Pleasant  Rd..  Toronto  12,  OnL 


VARIABLE  RESISTORS  •  ELECTRONIC  SWITCHES  •  PACKAGED  ELECTRONIC  CIRCUITS  •  CERAMIC  CAPACITORS  •  ENGINEERED  CERAMICS 


ELECTRONICS  — February  20,  1959 


CIRCLE  22  READERS  SERVICE  CARO 


27 


Meet  the  Milli-Switch  Line 

Sub-Miniature  Snap- Action  Switches  with  High  Sensitivity 

You  get  unequoled  performance  from  more  than  40  types:  .008" 
pre>travel,  .0015"  maximum  movement  differential. 

If  you  need  precision  oi)eration,  high  electrical  capacity,  light  weight  and  long 
life  in  a  sub-miniature  snap-action  switch,  it  will  pay  you  to  meet  the  line  of 
Milli-Switches.  More  than  40  types  are  available  to  meet  your  requirements. 

M  illi-Switches  give  you  premium  performance  without  premium  cost: 

•  guaranteed  minimum  life  of  1,000,000  mechanical  cycles. 

•  all  metal  parts  are  gold  plated  at  no  extra  cost — extremely  important  for  long 
shelf  life. 

•  extremely  short  pre-travel  (.008")  permitting  close  tolerances  and  control. 

•  exceptionally  small  movement  differential  (average  .0005"),  valuable  if  you  are 
using  pressure  switches  or  bi-metal  controls. 

Every  Milli-Swiich  it  checked  for  pre-travel  and  *  specially  designed  contact  spring  with  flexing  action.  Rig  selection.  No  dead 
over-frovel.  Maximum  allowable  pre-trovel  i.  one-  plunger  is  moved  .OOl'per  minute  at6  voltsAC  ISOmUliamps. 

third  of  thot  in  mo«t  other  switches.  Write  today  for  complete  information  in  Technical  Data  Bulletin. 

MII.UI>SWITCH  CORPORATION 
m  Mubtidimry  of 


Parts  distributors  in  all  major  cities  stock  standard 
Mallory  components  for  your  convenience. 
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•  Flat  frequency  response 
from  0  to  100  cps 

•  Galvanometer 

natural  frequency  55  cps 

•  Hysteresis  less  than  +  0.1  div. 

•  True  velocity  damping 

for  galvanometer  at  all  times  —  limiting  ahead 
of  output  stage 

•  Current  feedback  power  amplifiers 

eliminate  effect  of  galvanometer  resistance 
changes  due  to  temperature 

•  Linearity  0.2  div. 

over  entire  50  div.  chart  width 

•  Gain  stability 
better  than  1% 

•  Base  line  drift  less  than  0.2  div. 
over  20®C.  changes 

•  Automatic  stylus  heat  control 

•  Inkless  recording 

in  true  rectangular  coordinates 


is  thjS  best  proof  of 


SAfWORN 
System  Qualify 


Only  the  Sanborn  “350”  oscillographic  recording 
system  offers  both  superior  performance  and 
operating  versatility.  You  can  interchange  the 
plug-in  preamplifiers  —  or  use  them  separately 
with  their  own  power  supplies  to  drive  a  scope, 
meter,  or  optical  oscillograph.  The  compact 
recorder  (17^^  inches  tall),  complete  with 
transistorized  power  amplifiers  and  power  supply, 
may  also  be  iised  separately  (sensitivity  0.1 
volt/chart  division).  That’s  real  versatility! 

Recorder  features  include  built-in  paper  footage 
indicator,  paper  take-up,  8"  of  visible  recoH, 
simple  paper  loading  from  the  front.  Nine 
electrically  controlled  chart  speeik  are  selected 
by  pushbuttons,  and  have  provision  for  remote 
control.  Connections  are  also  provided 
for  output  monitoring. 

All  these  features  —  plus  well-known  Sanborn 
reliability  —  are  yours  in  the  Sanborn  “350” 
system.  Ask  your  local  Sanborn  Industrial 
Sales-Engineering  Representative  for  complete 
facts  —  or  write  the  Industrial  Division 
in  Waltham. 


8-CHANNEL 
SANBORN  “350” 

Direct  Writing  Oscillographic 
Recording  System  . . . 

•Iso  •vallabit 
with  6  channels 


At  the  I.R.E.  Show  —  Booths  3601-3605 


SAVMBORrsV  CO  IVI  F>  A  IM  Y 

17S  Wyman  Street,  Waltham  B4,  Maaa. 
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$p«cialit«d  r»9itt«rt  lik«  tliit  r*pr*Mnt  on*  approach  to  solution  of  o  difRcult  probUm  in  r*tail  tolling 


Electronics  manufacturers  and  merchandise  retailers  are  working 
closely  to  develop  equipment  that  will  speed  up  big-store  operations  by 
collecting  and  scanning  sales  information  for  computer  processing 


Strong  indications  have  come  to 
light  this  month  that  retailers  are 
following  the  lead  of  bankers  in 
pushing  development  of  equipment 
that  can  “read”  printed  informa¬ 
tion  to  supply  computer  input  data. 

Unlike  bankers,  however,  retail¬ 
ers  are  seeking  systems  that  will 
use  conventional  ink  as  a  basis,  in¬ 
stead  of  magnetic-ink  techniques 
which  have  been  used  in  processing 
checks. 

Equipment  development,  from 
the  retailers’  point  of  view,  is  pro¬ 
ceeding  at  two  levels — equipment  to 
collect  data,  and  equipment  to  read 
the  collected  information. 

Manufacturers  are  working  at 
three  levels  to  accomplish  the  first 
aim  of  data  collection.  One  method 
being  pondered  is  the  use  of  a  modi¬ 
fied  cash  register  which  will  supply 

30 


information  in  punched-tape  or  dot- 
code  form. 

A  .second  approach  being  consid¬ 
ered  is  a  reader  that  will  be  incor¬ 
porated  in  a  chassis  separate  from 
the  cash  register,  but  still  be  used 
at  the  point  of  sale.  This  approach 
might  require  initial  input  infor¬ 
mation  of  a  fairly  sophisticated 
type. 

Expanded  Imprinter 

The  third  approach  relies  on  a 
manually  operated  imprinter  simi¬ 
lar  to  the  type  now  used  to  place 
credit  card  information  on  sales 
slips.  The  imprinter  would  be  ex¬ 
panded  to  contain  a  specially  pre¬ 
pared  merchandise  tag  as  well  as  a 
charge  card. 

In  use,  the  sales  clerk  places  both 
documents  in  the  imprinter  and  ob¬ 


tains  a  third  form  which  is  routed 
to  the  accounting  department,  the 
inventory  control  section,  or  other 
destination  for  reading  by  special 
scanners. 

Retailers  operating  on  a  scale 
large  enough  to  warrant  use 
of  character-recognition  equipment 
will  require  data  collectors  in  great 
numbers.  Therefore,  a  basic  re¬ 
quirement  for  data  collectors  is  that 
they  be  inexpensive. 

Another  requirement  will  be  ea.se 
of  operation.  Personnel  operating 
the  data  collectors  are  basically  in¬ 
terested  in  selling,  not  data  collec¬ 
tion.  Any  collector  device  will  thus 
have  to  be  no  more  complicated  to 
operate  than  a  cash  register. 

As  to  the  actual  form  in  which 
the  collected  information  will  ap¬ 
pear,  retailers  will  probably  choose 
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among  devices  which  supply 
punched  tape,  conventional  ink 
characters,  or  dot-code  patterns 
printed  in  conventional  ink. 

Retailers  have  been  working 
closely  with  equipment  manufac¬ 
turers  for  almost  three  years  to  de¬ 
velop  what  the  research  director  of 
the  National  Retail  Merchants  As¬ 
sociation  calls  “a  common  lan¬ 
guage,”  as  well  as  collectors  that 
will  translate  sales  informatien  into 
that  common  language,  and  scanners 
that  will  read  the  common  language 
and  convert  it  into  computer  input 
form. 

Forums  on  these  topics  have  been 
held  by  NRMA,  and  more  are  slated 
for  later  in  the  month.  Almost  a 
dozen  equipment  manufacturers 
have  participated  in  the  talks. 

Some  Results 

In  Washington,  D.  C.,  Woodward 
&  Lothrop  have  begun  using  a  de¬ 
vice  called  the  Salestronic  made  by 
National  Cash  Register.  Directions 
are  flashed  in  sequence  as  the  sales 
clerk  operates  it.  Input  information 
is  collected  on  punched  tape  and  de¬ 
livered  periodically  during  the  day 
to  the  store’s  computer  room. 

A  punched-tape  collector  soon 
slated  for  pilot  operation  is  a  modi¬ 
fied  cash  register  made  by  Sweda 
Cash  Register  Inc.  of  Chicago  (see 
photo). 

Also  being  readied  for  pilot  use 
is  a  line  of  imprinters  made  by 
Addressograph-Multigraph  Corp. 
These  devices  are  said  to  meet  the 
price  requirement  of  data  collect¬ 
ors,  as  well  as  the  requirement  of 
easy  operation.  They  provide  infor¬ 
mation  in  dot  code  and  in  Rpman 
alphabet  and  Arabic  numeral 
characters  simultaneously.  They 
are  predicated  on  the  use  of  em¬ 
bossed  credit  cards.  The  firm  has 
also  developed  readers  which  proc¬ 
ess  information  obtained  from  data 
collectors  and  provide  direct  com¬ 
puter  input,  punched  cards  or  tape, 
or  magnetic  tape. 

Working  on  data  collectors  and 
readers  for  retailers,  NRMA 
sources  say,  are  firms  such  as 
Burroughs,  IBM,  General  Electric 
and  Pitney  Bowes.  Intelligent  Ma¬ 
chines  Research  Corp.,  Alexandria, 
Va.,  has  a  number  of  prototype 
readers  and  imprinters  in  pilot 
operation. 


DC -DC  CONVERTKR 

Ml  Items  Designed  lor  13.6V.  Except  8034  which  is  for 
w  28V  Input. 

^  TYPICAL  DC  DC  CONVERTER 
■  CIRCUIT 


TRANSISTOR  DRIVER 

#  Designed  specificelly  lor 

transistor,  servo 
and  audio 

Frequency  response  70'20K 
Site  AF  mill  through  AH  Hermetically 
sealed  to  MIL  T  27A. 

EPOXY  MOLDED  See  catalog  for  exact  sizes  and  weights. 


M8002'  Coll,  to  P.P  Emit.  560  400  C.T 

M8003*  Coll,  to  P.P.  Emit.  625  100C.T. 

M8004  Coll,  to  PP.  Emit  5,400  600C.T. 

M8005  Coll,  to  P.P.  Emit.  7,000  320  C.T. 

M8006  Coll,  to  P.P.  Emit  10,000  6,500  C.T. 

wound  to  mimmtn  switctimf  transioNs. 


TRANSISTOR 

OUTPUT 

Frequency  Response 
20015,000  ~ 

See  catalog  for  case  size 


Efficiently  transfers  30  to  500  cps.  Trans 
ducer  or  Thermocouple  signals  to  mstru- 
ment  amplifiers.  Sigiial  1^  range  from 
.5^V.  to  .5  volts.  Resin  impregnMed  to 
minimize  mechanical  vRKation  noise  sig 
nal.  Low  hum  pick  up  assured  by  3  mu¬ 
metal  and  2  copper  shields. 


Nember  I  AppBcatien  |  hnp.  |  I 

M8008  P.P  Output  to  Spkr.  25 
M8007*  P.P.  Auto  Transf.  30  C.T. 
M80OS  P  P.  Output  to  Spkr.  48  C.T. 
M8010  P.P.  Coll,  to  Servo  120  C.T 
M8011  P.P.  Output  to  Spkr.  125  C.T. 
M8012*  P.P.  Coll,  to  Servo  140  C.T. 
MM13‘  P.P.  Output  to  Spkr.  250  C.T. 
M8014  P.P.  Output  to  Spkr.  400  C.T. 
M8015  P.O.  Coll,  to  Servo  1,600  C.T. 
M8016  P  O.  Output  to  Spkr.  2,550  C.T. 
‘Bi-Filar  wound  to  minimm  switckinf  tiammlt. 


M8026  1:3.2 


SILICON  RECTIFIER 
Pow*r  Supply 


Wt.  .08  oz.  size  H"  x  H"  x  •  i/jj" 

Nylon  Bobbin,  Nickel  Mloy  Core.  4"  color 
coded  leads,  resin  impregnated. 
Encapsulated  on  special  order 


Circuitry  Primary  105/115/125  Volts**. 

Hermetic  sealed  to  MIL  J-27A 

See  Catalog  for  additional  information. 


1,000 
1,000 
1,200  C.T. 


100,000 

20,000 

20,000 

1,000 

400 

400 


UM  21 F 
UM22F 
UM23^F 
UM24F 
UM25-F 
UM26^ 
UM  27  F 
UM28-F 


M8019*  18.5  C.T.  3  7  14 

M8020*  35  C.T.  3  14.5  29 

M8021*  70  C.T.  1  30  60 

M8022t  18.5  C.T.  3  7  14 

M8023t  35  C.T.  3  14.5  29 

M8024t  70  C.T.  1  30  60 

'TMTISOO  Cy.  “OC  output  volts  stated  art  lor  rcsistivt  or 
*5040  Cy.  inductive  loads  CapKitor  anput  nuy  be 
used  if  RMS  AMPS  is  not  exceeded. 


400C.T.  11 

lOHy.lOdc)  8Hy(.5ma)650 
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Secendary 

Rectifier  CirtaM 

Part 

A.C. 

R.M.S.  C.T.** 

F.W.** 

Naarter 

Vans 

Aaveres  FaN  Wave 

Ifidge 

OROCR  OMf 

■RTirF 

Pan  1 

Pri.  Sec.  Unbal 

Level 

NanWer  I  Apat 

Icatian 

hnp.  hap.  Ma. 

Witts 

TeUIVA 

O.C.O 

Oatpat 

F.  W.  Bridge  I 

VaRs  Ma.  | 

Sec. 

Livftl  ^  1 

_ !?£ .. 

Watts  n 

The  new  loner  look 


I 


Test  Equipment  designed  and  built  by  Hughes  El 
Segundo  is  as  sophisticated  as  the  Hughes  Electronic 
Armament  Systems  which  it  tests. 


His  lab  is  the  cockpit.  Wherever  Hughes  systems 
and  missiles  are  employed,  Hughes  Field  Engineers  are 
on  hand  to  work  directly  with  squadron  personneL 


in  sky  scanning 

A  totally  new  idea  in  reconnaisance  radar,  sight¬ 
seer  (at  left)  is  a  side-looking,  microwave  search 
antenna  within  a  completely  self-contained  detachable 
pod.  Carried  under  the  Convair  B-58  Supersonic 
Bomber  as  a  58-foot  package,  sightseer  has  all  hard¬ 
ware  and  black  boxes  built-in.  It  is  roll  stabilized  — 
when  the  aircraft  changes  flight  attitude,  the  antenna 
maintains  its  normal  axis. 

sightseer  was  designed  and  developed  by  the 
Microwave  Laboratory  of  Hughes.  This  Microwave 
Laboratory  is  presently  engaged  in  every  field  of 
electronics  for  airborne,  missile,  communication,  and 
ground  and  ship-based  radar  systems — with  opera¬ 
tional  ranges  from  50  to  70.000  megacycles. 

The  “systems  orientation”  represented  by  the  new 
sightseer  reflects  Hughes  philosophy  of  integration. 
The  Microwave  Laboratories,  for  example,  support 
the  Systems  Development  Laboratories  as  well  as  the 
Hughes  Ground  Systems  Group  in  Fullerton. 

Advanced  Rest'arch  and  Development  at  Hughes 
creates  stimulating  opportunities  for  creative  engi¬ 


neers  in  Airborne  Electronics  Systems,  Space  Vehicles, 
Plastics,  Nuclear  EUectronics,  Global  and  Spatial  Com¬ 
munications,  Ballistic  Missiles  and  many  others. 

Similar  opportunities  exist  at  Hughes  Products, 
where  basic  Hughes  developments  are  translated  into 
commercial  products — semiconductors,  specialized 
electron  tubes,  and  industrial  systems  and  controls. 

From  basic  research  through  final  application, 
Hughes  offers  a  unique  opportunity  for  personal  and 
professional  growth. 


Newly  irulilultd  programs  at  Hughes  have  created  immediate 
openings  for  engineers  experienced  in  the  following  areas: 


Digital  Computer  Engr. 
Microwaves 
Semiconductors 
Field  Engineering 
Microwave  &  Storage  Tubes 


Communications 

Radar 

Circuit  Design 
Systems  Analysis 
Reliability  Engineering 


Write  in  confidence,  to  Mr.  Tom  Stewart, 

Hughes  General  Offices,  Bldg.6-Dz ,  Culver  City,  California. 


O  !•••.  H  A  G. 


TTie  West’s  leader  in  advanced  ELECTRONICS 


r 
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HUGHES 


1 

J 


HUOHES  AIRCRAFT  COMPANY 

Culver  City,  El  Segundo, 

Fullerton  and  Los  Angeles,  Calif orrua 
Tucson,  Arizona 
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POLE  VAULT 


TEXAS  TOWERS 


EIMAC  KLYSTRONS  performance  proved 
In  original  Tropo-Scatter  systems 


Eimac  klystrons  are  used  in  nearly  every  major  military  and 
commercial  tropo-scatter  system  in  the  world.  The  list  is  impres¬ 
sive:  Pole  Vault,  Texas  Towers,  Dew  Line,  White  Alice,  SAGE, 
NATO,  Florida-Cuba  TV,  and  numerous  commercial  networks. 
They  have  been  selected  for  systems  from  Norway  to  North 
Africa,  from  the  Arctic  Circle  to  the  Andes,  from  the  United 
States  to  the  Far  East. 

In  most  of  these  systems  Eimac  klystrons  are  used  exclusively. 
The  reason  is  simple:  Eimac-pioneered  external-cavity  klystrons 
make  it  possible  to  generate  high  power  at  ultra-high  frequen¬ 
cies  simply,  reliably  and  at  low  cost.  With  the  Eimac  external- 
cavity  system,  tuning  cavities,  couplers  and  magnetic  circuitry 
are  all  external  to  and  separate  from  the  tube.  This  permits  ex¬ 


ceptionally  wide  tuning  range  and  simplifies  equipment  design. 
Cost  is  lowered  because  this  external  circuitry  is  a  permanent 
part  of  the  transmitter  and  is  not  repurchased  when  tubes  are 
replaced. 

The  reliability  of  these  high-performance  devices  is  excep¬ 
tional.  Some  of  the  original  Eimac  klystrons  installed  in  Project 
Pole  Vault— the  first  major  tropo-scatter  network  ever  estab¬ 
lished— are  still  going  strong  with  more  than  25,000  hours  of  air 
time  logged  to  their  credit. 

Eimac  manufactures  a  complete  line  of  amplifier  and  pulse 
klystrons  covering  the  most  important  areas  of  the  UHF  spec¬ 
trum.  Write  our  Application  Engineering  Department  for  specific 
information. 


EITEL-McCULLOUGH,  INC. 

SAN  CARLOS,  CALIFORNIA 
with  ceramic  tubes  that  can  take  it 


Cable  address 
EIMAC 
San  Carlos 
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How  SAC  Communicates 

Big  push  now  is  to  complete  a  single-sideband  network.  One  company 
alone  has  a  $20-million  order  for  airborne  radio  gear 


OFFUTT  AFB,  NEB. — Strategic 
Air  Command’s  3,000  planes  flying 
from  70  bases  spread  across  four 
continents  are  welded  into  a  single 
striking  arm  by  a  gigantic  complex 
of  electronic  communications  and 
data-processing  systems. 

Center  of  this  network  lies  some 
45  feet  below  ground  here.  In  case 
of  enemy  attack,  SAC’s  immediate 
retaliation  would  be  directed  and 
controlled  entirely  from  this  post 
(“SAC  Prepares  for  Missiles,” 
p  30,  Feb.  13). 

Facilities  here  include  a  commun¬ 
ications  center,  global  weather  cen¬ 
tral  (Electronics,  p  26,  Jan.  16), 
computer  room  and  a  control  room 
140  ft  long,  39  ft  high.  Lining  one 
wall,  the  length  of  the  control 
room,  giant  panels  are  constantly 
updated  to  show  all  information 
needed  to  direct  global  war. 

For  quick  internal  visual  com¬ 
munications,  two  RCA  TK-41  color 
tv  cameras,  with  remote  control 
and  focus  capabilities,  are  in¬ 
stalled  in  the  operations  room  on 
a  106-ft  track  opposite  the  map 
panels.  Two  more  cameras,  with 
electronic  viewfinders,  are  mounted 
on  movable  studio  pedestals.  A 
TK-45  3-vidicon  color  tv  camera  is 
in  the  weather  briefing  room. 

In  addition  to  color  tv,  a  mono¬ 
chrome  RCA  ITV-6  can'.era  mon¬ 
itors  entrance  to  the  map  room  and 
control  area.  Black-and-white  tv 
also  connects  the  control  room  with 
North  American  Air  Defense  Com¬ 
mand  in  Colorado  Springs,  Colo. 

Future  tv  plans  include  connect¬ 
ing  the  control  room  with  USAF 
headquarters  in  Washington.  ITT 
has  a  development  contract  for 
such  a  system  to  be  transmitted  in 
code  over  low-frequency  telephone 
wires.  Later,  tv  will  connect  all 
SAC  bases  in  the  U.  S. 

Sixty  telephone  lines  leased 
from  AT&T  are  available  in  the 
control  room  for  alerting  SAC 
bases  individually  or  all  at  once. 
Receiving  end  has  a  loudspeaker, 
automatic  tape  recorder  and  indi¬ 
vidual  telephone  receivers. 


A  separate  private  telephone 
system  is  used  for  control  of  daily 
aircraft  movements. 

Teleprinter  communication 
equipment  is  used  to  back  up  the 
telephone  voice  messages.  The 
system  includes  multiple  lines 
operated  by  USAF  and  Army,  and 
commercial  lines  leased  from 
AT&T.  Cable  service  to  England 
is  backed  up  by  RCA’s  radiotele¬ 
phone  service. 

Single-sideband  radiotelephone 
backs  up  the  telephone  service 
and  reaches  all  SAC  planes  flying 
anywhere  in  the  world. 

At  present  there  are  23  fixed 
ground-to-ground  ssb  stations, 
broadcasting  on  11  me,  14  me  and 
20  me.  The  equipment  used,  ac¬ 
cording  to  SAC,  includes  Collins 
KWT-6,  KWS-1,  75A4  and  RCA’s 
SSB-1.  Using  500-watt  pep  (peak 
envelop  power),  world-wide  cov¬ 
erage  is  maintained  under  good 
atmospheric  conditions.  Automatic 
radio  relay  switches,  however, 
can  bypass  poor  conditions. 

Air-to-air  and  air-to-ground  ssb 
equipment,  transmitting  at  from 
4  me  to  25  me,  will  be  opera¬ 
tional  in  all  SAC  planes  by  mid- 
1960.  RCA  has  recently  delivered 
$3.5-million  worth  of  airborne 
equipment  for  SAC  and  is  under 
contract  for  $20  million  more. 


Airborne  receiver/transmitters 
used  include  RCA’s  AN/ARC-65 
(modified  ARC-21’s)  and  Collins’ 
AN/ARC-58.  Both  are  automati¬ 
cally  controlled.  The  ARC-65  oper¬ 
ates  in  500-cycle  steps,  providing 
a  total  of  44,000  crystal-controlled 
channels.  The  units  are  used  for 
ssb  and  a-m  voice. 

Some  SAC  planes  carry  RCA’s 
ARC-34  uhf,  remote-controlled, 
line-of-sight,  command  communi¬ 
cations  set.  It  can  be  preset  to 
any  20  operating  frequency  chan¬ 
nels  of  1,750  available  frequen¬ 
cies  from  225  me  to  399.9  me.  Suc¬ 
cessor  to  the  ARC-34  will  be  the 
ARC-62. 

Four  ground  stations  for  the 
air/ground  network  are  now  under 
construction.  Active  contractors 
for  ground  equipment,  according 
to  Air  Materiel  Command,  include 
Westinghouse  with  a  $l-million 
contract,  Collins  for  KWT-6  trans¬ 
mitters,  receivers  and  controllers 
($4  million),  and  Eldico  Electron¬ 
ics  div.  of  Radio  Engineering  Labs 
for  2  me  to  30  me  100-watt  pep 
transmitters,  receivers,  control 
units  and  power  supply  ($525,000). 

(Part  III  of  this  series  will  de¬ 
scribe  how  SAC’s  electronic  data- 
processing  equipment  would  direct 
a  global  offensive.) 


Four  communication  tyttomt,  including  linglo-cidobond  rodiotolophono  (obovo),  wold 
tho  Strotogic  Air  Command  into  o  tinglo  (triking  forco 
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DECEPTION  IS  A  FORM  OF  COUNTERMEASURE 
and  at  this  the  chameleon  must  be  considered  an  expert. 


The  approach  to  the  problem  of  survival 
through  countermeasures  has  been  neatly 
solved  by  this  handsome  little  fellow.  By 
simply  changing  his  color  to  match  the  sur¬ 
roundings  the  chameleon  may  take  on  the 
appearance  of  a  brown  twig,  a  green  leaf  or  so 
completely  blend  into  the  immediate  area  that 
his  enemy  is  hopelessly  confused.  This,  in 
effect,  is  countermeasure  in  the  truest  sense. 

To  confuse  or  mislead  the  enemy  is  often 


the  problem  faced  by  the  military.  Not  to  be 
outdone  by  the  chameleon,  electronic  counter¬ 
measures  have  been  developed  which  effec¬ 
tively  confuse  the  presentations  as  seen  on 
radar  scopes.  Defensive  action  is  thereby 
delayed  until  too  late.  In  this  field,  as  well 
as  many  other  forms  of  countermeasures, 
Instruments  for  Industry  can  apply  exacting 
know-how  and  skill.  The  high  degree  of 
success  achieved  by  IFI  is  proof  of  ability. 
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Only  one  target  is  a  true  target,  INSTRUMENTS  FOR  INDUSTRY,  Inc, 

The  big  question  . . .  which  one?  101  New  South  Road.  HicksviUe.  L.  I..  N.Y. 


Gradual*  anniuaar*  with  two  or  moro  yoare  of  clrruit  application  in  the  iiald»  of  electronics  or  phyaiec  are  invited  to  meet  with  Mr. 
John  Hick*  in  an  informal  interview  or  aend  complete  rocumo  toi  Dir.  Personnel,  IFI,  101  New  South  Road,  HicksviUe,  New  York. 
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VISUAL  MICROWAVE  ANALYSIS -10  to  44,000  me 

COMPLEX  SPECTRUM  DECODING 


Dissect  complex 
pulse  spectrum 
visually  by  means 
of  Polarad 
Model  SD-1 


Analyze  complex  spectrum  visually 
using  any  of  Polarad’s  wide  band 


Used  with  any  Polarad  analyzer,  this  Model  SD-1  Spec¬ 
trum  Selector  permits  complete  analysis  of  any  complex 
pulse  modulated  microwave  signals.  The  unit  decodes 
and  isolates  any  segment  of  a  complex  pulse  train  and 
permits  corresponding  spectrum  analysis  of  that  segment. 

Model  SO-1  Spectrum  Selector  displays  pulse  groups 
up  to  180  microseconds  duration  (Model  SO-IX:  350 
microseconds). 


Model  TSA 
Spectrum  Analyzer 

-25  kc  resolution, 
400  kc  to  25  me 
dispersion.  5  sen¬ 
sitive  plug  in 
tuning  units 


Model  TSA-S 
Combination 
Synchroscope- 
Spectrum  Analyzer 

-Displays 
pulse  waveform  or 
frequency  spec 
trum.  5  kc  to  5  me 
adjustable  band 
width,  400  kc  to 
25  me  dispersion 
5  sensitive  plug-in 
tuning  units 


Model  TSA-W 
Wide  Dispersion 
Spectrum  Analyzer 

- 100  kc  to  70 
me  dispersion. 

7  kc  and  50  kc 
resolution.  Loga¬ 
rithmic  amplitude 
display.  5  sensitive 
plug-in  tuning  units. 


Model  SA-84  Multi¬ 
band  Spectrum 
Analyzer  - 10  to 
40,880  me  in  a 
single  unit.  25  kc 
resolution,  400  kc 
to  25  me  disper¬ 
sion.  Simple  band 
switch,  slide-rule 
dial.  Military 
approved. 


Applicatioiis: 

Design  and  operation  of  radar,  telemetry  equipment, 
IFF  systems  and  beacons. 


POLARAD  ELECTRONICS  CORPORATION:  ^ 

Please  send  me  information  and  specifications  on; 

□  Model  SO-1  Multi-Pulse  Spectrum  Selector 

□  Microwave  Spectrum  Analyzers 

□  Model  B  Microwave  Code  Generator  (see  reverse  side  of  this  page) 


Ask  your  nearest  Polarad 
representative  (in  the 
Yellow  Pales)  for  a  copy 
of  "Handbook  of  Spectrum 
Analyzer  Techniques"  and 
"Notes  on  Microwave 
Measurements" 


FREE  LIFETIME  SERVICE 
ON  ALL  POLARAD 
INSTRUMENTS 


My  application  is; 


POLARAD 

ELECTRONICS 

CORPORATION 

43-20  34th  Street,  Long  Island  City  1,  N.  Y, 

aepresentatives  in  principal  cities 


Company. 


Address 
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APPLICATIONS: 


One  integrated  instrument: 

Provides  a  complete  system  for  simulating  and  testing 
missile  and  telemetry  systems.  IFF  and  radar, 
microwave  beacons,  direction  finding  and  navigational 
equipment  and  microwave  relay  links. 

Performs  general  purpose  signal  generator  and  oscilloscope 
measurements,  multi-pulse  testing  and  analysis. 


SET  FREQUENCY 


Frequency  range  950  to  10,750  me  is  covered  by  four 
interchangeable  microwave  oscillator  units,  all  stored  in  the 
instrument.  Each  has  UNI-DIAL  control,  precision  power 
monitor  circuit  to  maintain  1  milliwatt  power  output  reference 
level,  and  non-contacting  short-type  chokes  to  assure  long  life. 


VISUALLY  CHECK  MULTI-PULSE  CODE 


Calibration  of  r-f  pulse  width,  delay  and  group  repetition  rate 
is  simplified  by  ability  to  view  pulse  train  on  a  precision 
oscilloscope  with  a  built-in  wide  band  r-f  detector. 


ADJUST  MULTI  PULSE  CODE 


Code  modulation  is  achieved  with  five  independently  adjustable 
pulse  channels  providing:  pulse  repetitian  rate  variable, 
10-10,000  pps;  width  variable  0.2  to  2  microseconds; 
delay  variable  0-300  microseconds.  Pulse  rise  and  decay, 

0.1  microsecond. 


NO  ADJUSTMENT  NECESSARY  on  self-contained  power  supplies. 
Klystron  power  unit  adjusts  to  proper  voltage  automatically 
for  each  interchangeable  tuning  unit.  Built-in  AC  regulator. 
Equipped  with  an  electronically  regulated  low-voltage  DC  supply. 


Model  B  ' 

Microwave  Code 
Generator 


r  NO  ^ 

Potlogo  Stamp 
Islacatiary 
H  Mailod  in  tha 
,  Uniiad  Statai  , 


'  Pottag*^ 
Will  ba  Paid 
by 

AddrasMa, 


MAIL  THIS  CARD 

for  detailed  specifications. 
Ask  your  nearest  Polarad 
representative  (in  the 
Yellow  Pages)  for  a  copy 
of  "Notes  on  Microwave 
Measurements" 


FREE  LIFETIME  SERVICE 
ON  ALL  POLARAD 
INSTRUMENTS 


BUSINESS  REPLY  CARD 

First  Class  Permit  No.  18,  Long  Island  City  1,  N.Y, 


43-ao  3«lh  St.,  Long  lolona  City  I,  N.  V. 


43-20  34th  Street,  Long  Island  City  1,  N.  Y. 

Representatives  in  principal  cities 


Cambion  terminal  boards  are  available  in  standard  all-set,  miniature  all-set,  standard  ceramic  and  custom-made  types. 
Materials  include  paper,  cloth,  nylon  or  glass  laminates,  bonded  with  phenolic,  epoxy,  melamine  or  silicone  reams. 
Boards  are  moisture-proofed  and  fungus-proofed.  Standard  or  special  components  ^u^e  assembled  as  required. 


Our  “private  eyes”  protect  you  from  delinquents 


You  won’t  find  a  single  weak  spot  in 
any  Cambion  terminal  board.  We’ve 
already  made  sure  there  are  no  cracks 
in  board  or  terminals;  no  strain,  chips 
or  sunbursts;  no  insecurely  mounted 
terminals.  In  fact,  such  defects  are  the 
rarest  discoveries,  even  in  our  own 
thorough  inspections.  That’s  because 
the  stock  usi^  in  Cambion  boards  is 
certified  top  grade  .  .  .  Cambion  tooling 
is  specially  engineered  to  prevent  prod¬ 
uct  damage  .  .  .  and  Cambion  work¬ 
manship  is  true  craftsmanship. 

Quality  control  like  this  is  standard 
in  every  step  of  Cambion  production  — 
in  any  quantity.  That’s  why  you  can 
count  on  the  complete  Cambion  line  — 
terminal  boards,  solder  terminals,  in¬ 
sulated  terminals,  coils,  coil  forms, 
capacitors,  swagers,  hardware  —  for 
the  trouble-free  performance  you  ex- 
pect  and  need.  And  every  Cambion 
component  is  guaranteed. 


Available  locally  through  authorized 
Cambion  distributors.  Or  write  to 
Cambridge  Thermionic  Corporation, 
437  Concord  Avenue,  Cambridge  38, 
Massachusetts.  On  the  West  Coast:  E. 
V.  Roberts  and  Associates,  Inc.,  5068 
West  Washington  Blvd.,  Los  Angeles, 
California.  In  Canada:  Cambridge 
Thermionic  of  Canada,  Limited,  Mon¬ 
treal,  P.  Q. 

Cambion  solder  terminals  are  made  of  silver 
plated  brass,  coated  with  water  dip  lacquer.  There 
are  6.5  different  types  available  in  bulk  in  un- 
limited  quantity  or  in  individual  packafes  of  100. 
Mounting  information  and  Cambion  tools  re¬ 
quired  are  listed  on  the  package. 


CAMBRIDGE  THERMIONIC  CORPORATION 


The  guaranteed  electronic  components 
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NEW  SPRAGUE 
MODEL  500 
INTERFERENCE 
LOCATOR/^ 


This  improved  instrument  is  a 
compact,  rugged  and  highly 
sensitive  interference  locator— 
with  the  widest  frequency 
range  of  any  standard  avail¬ 
able  unit. 

New  improvements  in  Model 
500  include:  greatly  increased 
sensitivity,  meter  indications 
proportional  to  carrier 
strength,  transistorized  power 
supply.  Engineered  and  de¬ 
signed  for  practical,  easy-to- 
operate  held  use,  it  is  the  ideal 
instrument  for  rapid  pinpoint¬ 
ing  of  interference  sources  by 
electric  utility  linemen  and  in¬ 
dustrial  trouble  shooters. 
Model  500  tunes  across  the 
entire  standard  and  FM  broad¬ 
cast,  shortwave,  and  VHF-TV 
spectrums  from  540  Kc  to  216 
Me.  For  full  details  send  for 
brochure  IL-102. 


SPRAGUE  ELECTRIC  COMPANY 

35  MMSHALl  ST.  •  NORTH  ADAMS.  MASS. 


New  Look  for  Small 

'Coalition  concept'  being  proposed  by  investment 
firm  aims  to  place  small  firms  on  equal  footing 
with  big  ones  in  major  contract  bidding 


A  MEETING  held  yesterday  in  Long 
Island,  and  an  announcement  made 
by  a  New  York  inve.stment  banking 
firm  earlier  this  month,  may  have 
some  far-reaching  consequences  for 
small  electronics  firms. 

The  New  York  announcement 
was  made  by  Hayden  Stone  &  Co, 
in  the  form  of  a  proposal  to  organ¬ 
ize  a  corporation  made  up  of  about 
10  electronics  firms.  They  would 
bid  for  large  contracts  on  the  same 
basis  as  big  companies,  under  the 
name  of  Decco  Electronics  Corp. 

Each  of  the  member  companies 
would  own  Decco,  but  would  not  be 
required  to  give  up  its  identity  and 
interest  in  “personal”  work. 

Financial  Details 

Initial  capitalization  would  be 
$250,000,  made  up  of  10  shares  of 
common  stock  with  a  par  value  of 
$1  per  share,  and  10  shares  of  pre¬ 
ferred  stock  to  be  priced  according 
to  market  levels.  Each  member  firm 
would  hold  equal  shares,  one  com¬ 
mon  and  one  preferred. 

The  investment  banking  company 
has  declined  to  name  firms  being 
considered  for  membership  in 
Decco,  since  the  group  is  not  yet 
chartered. 

A  spokesman  for  Hayden  Stone 
says  his  firm  is  “still  looking.”  A 
hint  on  possible  final  composition 
of  the  group  is  that  initial  forma¬ 
tion  will  probably  be  aimed  at  ob¬ 
taining  of  military  contracts. 

How  Plan  Works 

The  “coalition  concept,”  as  one 
manufacturer  has  dubbed  the  newly 
announced  system,  has  excited  con¬ 
siderable  interest  in  Long  Island, 
where  a  number  of  small  electronics 
firms  have  recently  felt  the  pinch 
of  reduction  in  aircraft  construc¬ 
tion  activity  in  the  area. 

Most  of  the  Long  Island  firms  are 
familiar  with  the  two  main  ways 


in  which  small  companies  share  in 
major  contracts — getting  subcon¬ 
tracts  and  forming  teams. 

The  team  idea  differs  from  the 
coalition  concept  in  duration  as  well 
as  structure.  Team  member  firms 
do  not  remain  united  once  the  task 
at  hand  is  completed,  while  Decco- 
type  firms  would  remain  incorpo¬ 
rated  the  same  way  as  presently  in¬ 
corporated  large  firms. 

One  Long  Island  group  already 
in  operation  is  Electrodyne.  This 
name  is  applied  to  a  pool  of  four 
companies  headed  by  Republic  Elec¬ 
tronic  Industries  Corp.,  Farming- 
dale,  L.  I,  Three  non-electronic 
firms  have  joined  with  Electrodyne 
to  add  mechanical  engineering 
skills  to  the  combine.  The  pool  has 
been  in  operation  for  almost  a  year. 

One  component  manufacturer  lo¬ 
cated  not  far  from  Electrodyne 
looks  at  the  pool  concept  with  some 
reservations.  “It  might  be  poor 
judgment  to  bid  in  competition 
with  customers  of  long  standing, 
especially  if  a  member  of  a  pool 
firm  is  liable  to  be  eligible  for  sub¬ 
contract  work,  should  the  big  com¬ 
pany  get  the  contract  being  bid  on.” 

Mef  Yesterday 

On  the  other  hand,  several  firms 
indicate  keen  interest  in  the  new 
plan  and  say  that  it  may  be  “just 
what  the  doctor  ordered”  as  a  way 
of  improving  their  business  pros¬ 
pects. 

The  general  problem  of  how  to 
increase  the  volume  of  business  of 
Long  Island  firms  was  the  subject 
of  discussions  conducted  yesterday 
under  the  auspices  of  the  Long 
Island  Association. 

On  the  panel  were  representa¬ 
tives  of  the  electronics  industry, 
members  of  the  Long  Island  Elec¬ 
tronic  Manufacturers  Council,  an 
affiliate  of  LIA. 

The  group  heard  talks  by  re¬ 
gional  representatives  on  state  and 
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national  levels,  as  well  as  by  mili¬ 
tary  procurement  officials  and  in¬ 
dustry  procurement  spokesmen. 

Purpose  of  the  meeting  was  to 
give  L.  I.  firms  the  latest  informa¬ 
tion  on  procurement  methods.  In 
panel  discussions  held  in  the  after¬ 
noon,  topics  included  talks  on  ways 
of  obtaining  financial  aid. 


Radio  Telescope 
Being  Readied 

University  of  Michigan’s  85-ft- 
wide  steerable  radio  telescope  is 
nearing  completion  this  week. 

The  10-story  antenna  will  be  used 
to  pick  up  radio  signals  from  the 
sun  and  outer  space. 

By  Spring,  the  receiver  portion 
of  the  lookout  station  will  be  ready 
for  operation. 

Total  cost  of  the  facility,  atop 
Peach  Mountain  16  miles  west  of 
Ann  Arbor,  will  amount  to  $300,- 
000.  Most  of  the  funds  are  being 
supplied  by  the  Office  of  Naval  Re¬ 
search.  When  completed,  the  dish 
will  stand  nearly  1,100  feet  above 
sea  level. 

The  new  antenna  was  developed 
by  the  equipment  division  of  the 
Blaw-Knox  Steel  Co.,  Pittsburgh. 


Sprague  offers 
a  wide  variety  of 


for  aircraft,  missiles, 
computers,  and  controls 


Sprague  miniature  pulse  transform¬ 
ers  are  ideally  suited  for  applica¬ 
tion  in  low-power,  high-speed 
computer  circuitry  where  pulse 
signals  may  range  up  from  20  milli¬ 
microseconds  and  wider  in  dura¬ 
tion,  at  repetition  rates  as  high  as 
10  megacycles,  with  pulse  levels 
ranging  from  fractions  of  a  volt  to 
several  hundred  volts. 

Typical  circuits  utilizing  Sprague 
Pulse  Transformers  include  (tuhe 
amplifiers  (for  current  or  voltage 
step-up,  impedance  matching,  de¬ 
coupling,  pulse  inversion  and  push- 
pull  operation);  pulse  shaping  and 
differentiating;  blocking  oscillators 
(in  regenerative  circuits  of  the 
triggered  and  self-triggered  type); 
gener,al  transistor  circuits. 

Choose  from  Sprague’s  wide  va¬ 
riety  of  mounting  styles,  shapes  and 
encasements  . , ,  for  conventional  or 
printed  wiring  board  assembly. 

Write  for  the  complete  series  of 
engineering  bulletins  to  Technical 
Literature  Section,  Sprague  Electric 
Company,  3  5  Marshall  Street,  North 
Adams,  Massachusetts. 


Just  the  right  case  styles... 
types  of  sealing  .  .  .  number  of 
stages  . . .  read  and  write  pro¬ 
visions  you  need!  Sprague  mag¬ 
netic  Shift  Register  Assemblies 
are  matched  to  your  specific 
application  requirements  to 
make  them  your  best  buy! 
Standard  designs  are  easily 
modified  to  meet  most  system 
requirements.  All  are  100% 
pulse  performance-tested  be¬ 
fore  they  leave  the  plant. 

For  engineering  assistance  on 
your  Shift  Register  problems, 
write  to  Special  Products  Divi¬ 
sion,  Sprague  Electric  Company, 
Union  St.,  North  Adams,  Mass. 


Missile  Detector? 


New  •xperitnantal  high-pow«r  March 
radar,  dasignod  by  MIT't  Lincoln  labora- 
lory,  it  oparating  in  North  Andovar,  Matt. 
Radar  raportadly  hat  fraquancy  of  400  me 
with  paak  powar  of  5  magowattt.  Ra- 
floctor;  120  ft  wida,  30  ft  high 
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AMPEREX  ELECTRONICS  CORP.,  230  DUFFY  AVENUE,  HICKSVILLE,  L  l.,.N.  Y. 
In  Canada:  Rogari  Eloctronic  Tubas  &  Componanti,  116  Vandarhoof  Ava.,  Toronto,  Ont, 
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TUB!  CUSS  AB,  6R0UNDED  GRID  LINEAR  R.F.  AMPLIFIER 

TVPB  SINGLE  SIDEBAND  SUPPRESED  CARRIER  OPERATIDN 

0Q-70  I  Maximum  Ratings,  Absoluta  Values  (Frequencies  up  te  110  Me) 

_  _  Two  Tene  Motfulatlen 

TYPICAL.  OPB  RATION  CCS 

DC  Plate  Voltage . SOOO  volts 

DC  Grid  No.  2  Voltage . 600  volts 

DC  Grid  No.  1  Voltage . -SO  volts 

Zero  Signal  DC  Plate  Current . 350  ma 

Zero  Signal  DC  Grid  No.  2  Current . 2  ma 

Effective  RF  Load  Resistance . 1600  ohms 

Average  DC  Plate  Current . 1110  ma 

Average  DC  Grid  No.  2  Current . 42  ma 

Average  DC  Grid  No.  1  Current . 44  ma 

Max.  Resultant  Peak  RF  Cathode  Voltage . 275  volts 

Average  Plate  Power  Output . 2675  +  214  watts 

Peak  Envelope  Plate  Power  Output . 5350  -j-  428  watts 

Average  Driver  Feedthru  Power . 214  watts 

Peak  Envelope  Feedthru  Power . 428  watts 

3rd  Order  Intermodulatlon  Distortion . 37  db 


3  Amperex  Type  G07G  incorporates  modern 
le  design  for  excellent  power  capabilities 
trudur.beut  the  RF,  VHF  and  UHF  ranges.  AND,, it 
IS  uniquely  ,uited  to  single  sideband  operation. 


The 

tube 

thn 


4  of  the  5  principal  manufacturers  of 
AMp  FM  and  TV  transmitters,  now  specifically  include 


Type  5024A  Triode 


and  the  ■  I 

Type  6076*  Tetrode 

in  the  design  of  their  transmitting  equipment 


The  Amperex  Type  5924A  is  a  rugged,  forced-air¬ 
cooled  triode,  specifically  designed  for  an 
exceptionally  high  power  yield -in '^Jie  VHF  range 


THE  REASONS; 

High  Power  Amplification 
Type  6924A,  anode  capable  of  dis* 
aipating  6  kilowatts 
Type  6076,  anode  capable  of  dis¬ 
sipating  3  kilowatts 

Broad  Frequency  Range 
Ratings  for  both  tube  types  apply 
up  to  220  me. 

Long  Tube  Life 
Average  life  in  excess  of  6000 
hours  of  operation  under  normal 
load  conditions 

Compact  Design 
Dimensions  closely  controlled  for 
cavity  operation 


Rapid  Heat  Dissipation 
Extra-heavy  copper  wall  anodes 
with  high  overload  capacity 
All  brazed  cooler-fin  radiator 
assembly 

Proven  Materials 

Thoriated  tungsten  filaments 
Platinum-clad  molybdenum  grids 
All  external  surfaces  silver-plated 

Unique  Design  Features 
Low- inductance  coaxial  grid  ter¬ 
minals  permit  improved  isolation 
of  input  and  output  circuitry 
Short  electrode  structure  for  eco¬ 
nomical  and  compact  transmitter 
design 


*D*$ignat»$  lh»  air-cooM  version.  Tho  wafor-cooftd  varsion  boars  lh»  dasignotion.  Typo  6075. 
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Unifad  Stofat 


Complalad 
in  19S8 
No.  Kw 
1  200E 


Coni,  in 
Oparolion 


I  Power .  1  200E  7 

I  Power  Experimenfs .  1  -  2 

I  Naval  Reactors .  5  -  4 

^  Materials  Testing .  2  jO,OOOT  2 

;  Research >50  KW .  5  71,100T  18 

;  Research <50  KW .  15  -  20 

!  Critical  Facilities .  13  -  36 

i  Aircraft  and  Rocket .  1  -  1 

SOLD  ABROAD  BY  US  FIRMS 

Power . —  — 

^  Materials  Testing .  —  — 

Research > 50  KW .  2  8,OOOT  — 

i  Research  <50  KW .  5  3 


215.000T 

45.650T 


Under 

Construction 
No.  Kw 

8  695,700E 

6  23I,000T 

9  14,200T 

8  - 


Undar  Dav. 
or  Planned 
No.  Kw^ 

9  446,500E 


T — thermal  kilowatts  E — electrical  kik 

•  Includes  I  merchant  this  reactor  rated  at  74.000  tkw 
4  Ekw  ratlnt  tor  I  power  reactor  and  S  lario  roeoarch  roaetors  Is  unspacitlod 


-  1  11,500E  9  538,OOOE 

-  3  75,OOOT  —  - 

-  15  36,100T  —  - 

-electrical  kilowatts 


LatasI  reactor  construction  box  score  shows  37  units  ware  completed  in  1958,  as  .  .  . 

A-Power  Gear  Market  Grows 

Nuclear  instrumentation  sales  area  is  now  180 
reactors,  including  51  for  subs  and  ships 


United  States  manufacturers,  in¬ 
stitutions  and  government  agencies 
completed  the  construction  of  37 
nuclear  reactors  in  this  country  and 
abroad  during  1958,  according  to 
the  Atomic  Industrial  Forum’s 
latest  box  score. 

The  number  and  size  of  reactors 
now  under  construction  or  being 
designed  strengthen  earlier  predic¬ 
tions  of  a  steadily  increasing  re¬ 
actor  instrumentation  market,  es¬ 
timated  at  $15  million  for  1958 
(Electronics,  p  21,  May  16,  1958). 

The  eight  big  power  plants  under 
construction  will  be  ready  in  1960. 
Nine  others  are  being  designed  or 
planned.  Another  19  are  under 
study. 

Ship  reactors  are  well  underway. 
Atomic  engines  were  completed  in 
1958  for  the  submarines  Sivordfinh 
and  Sargo.  A  prototype  for  the 
radar  picket  sub  Triton  and  a  dual 
reactor  prototype  for  a  large  sur¬ 
face  vessel  were  also  built. 

Start  13  Sub  Reactors 

Construction  began  last  year  on 
13  submarine  reactors  and  two  de¬ 
stroyer  engines.  The  submarine  re¬ 
actors  include  five  power  plants  for 
ballistic  and  guided  mi.ssile  subs. 
Construction  was  continued  on  15 
submarine  reactors — including  four 
guided  missile  subs — eight  engines 
for  the  carrier  Enterprise  and  two 
for  the  cruiser  Long  Beach. 

AIF  previously  has  estimated 
total  military  reactor  construction, 
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largely  for  the  Navy,  will  go  well 
over  200,000  electrical  kilowatts  in 
each  of  the  years  1960-1968.  Con¬ 
struction  in  1957  was  62,000  kw  and 
in  1958,  an  estimated  87,000  kw. 

Work  continued  on  the  NS  Savan¬ 
nah  merchant  ship  reactors  and  de¬ 
sign  studies  have  begun  on  two 
more  merchant  ship  reactors.  At 
least  one  aircraft  propulsion  reactor 
prototype  is  in  operation  and  one 
rocket  reactor  prototype  is  about 
ready  for  tests. 

Of  144  research  reactors  in 
operation,  under  construction  or 
planned,  28  are  for  U.  S.  educational 
institutions  and  12  for  foreign  in¬ 
stitutions. 

A  bind  in  space  available  for  re¬ 
actor  materials  testing  was  allevi¬ 
ated  by  completion  of  two  powerful 
reactors.  Six  others  will  be  ready 
by  the  end  of  1960. 

Accelerator  Sales  Lively 

In  the  subsidiary  field  of  electron 
particle  accelerators,  manufactur¬ 
ers’  sales  were  lively.  One  firm  de¬ 
livered  35  machines  valued  at  $5.75 
million.  Another  delivered  four 
worth  $850,000  and  has  five  others, 
worth  $3.2  million,  under  construc¬ 
tion. 

Universities  and  private  institu¬ 
tions  bought  17  accelerators,  indus¬ 
try  purchased  nine  and  government 
agencies  bought  six.  Foreign  .sales 
included  eight  accelerators  for  uni¬ 
versities  and  four  for  government 
agencies. 


InEfflfy 

'NIKE 
HERCOLES  Al 


DALMOTOR 

P0W!R  IN  THE 
GUIDANCE  SYSTEM 


lupftlkM  thl^ 
•tnator  for  avory 


k«  H«r«ula«. 


ny  proven  components  tej 
oke  o  missile  system  operotionol.  In  th 
ground-to-oir  Nike  Hercules,  the  impor 
jtant  AiReseorch  auxiliary  power  uni^ 
idrives  Yuba's  Dalmotor  3>phase  400-' 
<ycle  alternator.  Designed  specifically  fo^j 
Ithis  oir  defense  application,  the  alterna4 
Tor  powers  the  missile's  electronic  guid-j 
once  and  control  system.  The  work  oL 
Hhis  smoll,  vital  unit  is  such  that  it  muslj 
jmeet  extreme  environmental  conditions  of 
H»«at,  cold  ond  shock.  | 

Whether  your  need  is  transducers,  pre4 
Vision  cybermotive  devices,  analog  com-t 
putors,  or  o  solution  to  on  unanswered 
problem,  Yuba  will  design  and  build  to( 
•your  strict  specifications  —  with  minimumj 

yeqd  time.  J 


Dalmotor  Division 

1375  Oay  Street 
Santa  Clara,  Calif. 


YUBA  CONSOLIDATED 
INDUSTRIES,  INC. 


PMs  m4  SsIm  Ofllm  \  NATIONWIDE 
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template  making  time 
cut  in  half . . . 


MEETINGS  AHEAD 


Feb.  16-20;  Western  Audio  Conven¬ 
tion,  Audio  Eng.  Soc.,  Biltmore 
Hotel,  Los  Angeles. 


Mar.  3-5:  Western  Joint  Computer 
Conf.,  AIEE,  ACM,  IRE,  Fairmont 
Hotel,  San  Francisco. 


Mar.  5-7:  Western  Space  Age  Conf. 
and  Exhibit,  L.  A.  Chamber  of  Com¬ 
merce,  Great  Western  Exhibit  Cen¬ 
ter,  Los  Angeles. 


Mar.  15-18:  National  Assoc,  of  Broad¬ 
casters,  Annual  Convention,  Conrad- 
Hilton  Hotel,  Chicago. 


Mar.  23-25:  Flight  Testing  Conf.,  ARS, 
Daytona  Beach,  Fla. 


Mar.  23-26:  Institute  of  Radio  Engi¬ 
neers,  IRE  National  Convention, 
Coliseum  &  Waldorf-Astoria  Hotel, 
New  York  City. 


Mar.  24-25:  Institute  of  Printed  Cir¬ 
cuits,  Annual  Meeting,  New  York 
City. 


THE  NEW 


Mar.  26:  Quality  Control  Clinic,  ASQC, 
Univ.  of  Rochester,  Rochester,  N.  Y. 


Mar.  31-Apr.  2:  Millimeter  Waves 
Symposium,  Polytechnic  Inst,  of 
Brooklyn,  USAF,  ONR,  IRE,  USA 
Signal  Research,  Engineering  Soci¬ 
eties  Bldg.,  New  York  City. 


•  DRILLS,  RIAMS,  SCRIRiS,  CtNTIR  RUNCHiS  to  ±  0.002"  WITHOUT  base 
line  drawing  or  height  gauge  layout ! 

•  lASY,  ACCURATi  POSITIONING— quickly  set  to  any  reference  point  and  to 
nearest  0.100"  by  adjustable  steel  tapes  reading  in  both 
directions  from  zero.  Micrometric  gauges  then  bring  settings  to 
nearest  0.001".  No  optical  scanning  device  needed. 

•  LASTING  ACCURACY  I  Table  is  an  actual  ground  surface  plate. 

Bridge  assembly  is  of  heavy,  accurately  machined  castings.  Lead 
screws  are  precision  ground  and  engaged  only  during  micrometric 
gauge  settings  to  minimize  wear.  Ail  parts  are  corrosion- 
resistant.  Bearings  are  protected  against  dust  and  chips  by  felt 
shields.  Drill  motor  is  heavy-duty  industrial  type. 

•  V4'  CAPACITY  in  mild  steel  —  Aock  up  to  24"  width,  any  length. 

•  ALSO  A  PROVIN  MONfY-SAVIR  on  pilot  runs,  low  unit  production. 


Apr.  5-10:  Nuclear  Congress,  spon¬ 
sored  by  over  25  major  engineering 
and  scientific  societies.  Public  Audi¬ 
torium,  Cleveland. 


Apr.  6-7:  Astronautics  Symposium, 
Air  Force  Office  of  Scientific  Re¬ 
search,  Sheraton-Park  Hotel,  Wash¬ 
ington,  D.  C. 


Apr.  6-9:  British  Radio  and  Electronic 
Components  Show,  Great  Hall,  Gros- 
venor  House,  Park  Lane,  London 
W.l. 


Apr.  13-15:  Protective  Relay  Conf., 
Texas  A  &  M  College,  College  Sta¬ 
tion.  Tex. 


pr.  14-15:  Industrial  Instrumenta¬ 
tion  and  Control  Conf.,  PGIE  of 
IRE,  Armour  Research  Foundation, 
Illinois  Inst,  of  Tech.,  Chicago. 


Apr.  16-18:  Southwestern  IRE  Conf. 
and  Electronics  Show,  SWIRECO, 
Dallas  Memorial  Aud.  &  Baker 
Hotel,  Dallas. 


Template  drilled  by  Layout  scribed  by  Flex-O-Drill 

Flex-O-Drill  Flex-O-Drill  work  piece 

WRITI  TOR  LITIRATURI  TODAY,  and  an  actual  demonstration  at  your  plant 


STRIPPIT 


There’s  more  news  in  ON  the 
MARKET,  PLANTS  and  PEO¬ 
PLE  and  other  departments  be¬ 
ginning  on  p  86. 


WALES 

22S  Buell  Road,  Akron,  New  York 

In  Canada:  Strippit  Tool  &  Machine  Company,  Brampton,  Ontario 
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NLS  481  Simplifies  and  Accelerates  Power  Supply  Testing 


Many  manufacturers  are  finding  that  power  supply  testing  is 
greatly  accelerated  by  the  NLS  481  Digital  Voltmeter.  Dur¬ 
ing  regulation  tests,  changes  of  0.01%  in  output  voltages 
are  measured  and  displayed  instantly  ...  in  one-tenth  of  the 
time  required  by  manually-operated  instruments!  As  the  volt¬ 
age  changes,  the  1-inch  numerals  change  on  the  easy-to-read 
illuminated  readout. 

With  10  Megohm  input  impedance  and  a  range  of  0.001  to 
1000  volts,  the  NLS  481  also  is  being  used  for  precise 
measurement  of  2^ner  diodes. 

The  NLS  481  is  easily  operated  by  unskilled  personnel ...  by 
anyone  who  can  read  numbers.  Range  change,  decimal  place¬ 
ment,  and  polarity  indication  are  performed  automatically  by 
the  instrument.  And  no  special  preparation  is  required.  Con¬ 
nect  the  cable,  snap  on  the  switch . . .  the  instrument  is  ready 
to  go  to  work! 

MAKE  YOUR  OWN  TEST 

Even  though  the  NLS  481  is  the  least  expensive  of  4-digit 
voltmeters,  competitive  life  tests  reveal  it  will  outlast  other 


makes  costing  two  to  three  times  as  much.  You  are  invited  to 
make  your  own  life  and  performance  tests  without  obligation. 
Phone  or  wire  today  and  we  will  supply  you  with  an  NLS  481 
for  this  purpose.  Then  you  can  see  for  yourself  why  the  NLS 
481  is  finding  ready  acceptance  in  the  areas  of  quality  controli 
electronic  design,  field  testing,  and  research. 

NLS  781  DIGITAL  OHMMETER 

Providing  the  same  basic  operational  features  as  the  NLS  481, 
the  NLS  781  Digital  Ohmmeter  sells  for  the  same  low  price. 
With  a  range  of  0.1  ohm  to  10  Megohms,  the  NLS  781  is 
proving  particularly  useful  for  rapid  inspection  of  precision 
resistors. 

The  price  below  is  for  either  the  NLS  481  or  NLS  781: 

FURNISHED  COMPLETE  $1285  *  F.O.B.  SAN  DIEGO 


Originators  of  the  Digital  Voltmeter 


non -linear  systems. 


inc.  DEL  MAR  (Son  Di*go),  CALIFORNIA 


1959  IRE  SHOW  -  Booths  3041-2 
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.  . .  WHERE  THERE’S  A  GROWTH  SITE  FOR  YOUR  ELECTRONICS  PLANT 


ThiR  18  the  hand  of  a  Virginia  Horker  painting  an  electric  cir¬ 
cuit  1/10,000  of  an  inch  thick.  More  than  30,000  8uch  trainable 
men  and  women  swell  Virginia's  potential  working  force  each 
year.  Home-rooted,  conservative  people  .  .  .  the  kind  who’ve 
helped  make  this  state's  record  of  labor-management  harmony 
five  times  belter  than  the  national  average. 

That's  one  reason  why  the  electronics  industry  is  growing  far 
faster  in  Virginia  than  in  the  U.  S.  as  a  whole.  Your  new  plant, 
too,  can  find  a  profitable  and  congenial  home  in  this  land  of 


mild  climate,  pleasant  living  and  thrifty,  friendly  government. 

Write,  telegraph  or  telephone  for  more  facts  or  confidential 
site-finding  help  in  Virginia  .  .  .  where  you'll  enjoy  southern 
production  advantages  as  close  as  you  can  get  them  to  the 
great  northeast  and  mid-west  markets. 

Virginia  Dapt.  of  Conaarvation  and  Economic  Oawalopmant 

DIVISION  OF  INDUSTRIAL  DEVELOPMENT 
State  Office  Buildine,  Richmond.  Va.  Telephone:  Milton  4*4111  Ext.  225S 
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INTERNATIONAL  RECTIFIER  CORPORATION 


HZ  Series  Silicon  Zener  Voltage  Regulators 
Replace  Vacuum  Tubes  *  Streamline 
Circuitry  Take  Only  Half  The  Space! 


Semiconductor  equivalents  eliminate 
components  and  circuitry  required  by 
tube  counterparts  to  overcome  plasma 
oscillation  and  high  firing  potential. 

Voltage  reflation  circuits  can  be 
simplifi^  and  the  reliabilitv  increased 
by  using  silicon  zener  voltage  regu* 
lators  in  place  of  conventional  gas  tube 
regulators  such  as  the  0A2,  0A3,  0B2, 
0C3.  1B46  and  the  991. 

The  International  Rectifier  HZ  series, 
provides  a  substantially  lower  dynamic 
resistance  than  do  comj^able  tube 
types  —  and  over  a  much  oroader  tem¬ 
perature  range  ( — 65°C  to  +  165*C). 
This  feature,  and  the  unusually  high 
zener  reference  voltage,  stem  from  the 
unique  construction  of  these  units. 
Me<manical  ruggedness  of  this  package 
leads  to  longer  term  reliability  than  can 
be  expecteti  from  tubes. 

Other  regulators  restrict  the  engi¬ 
neer  to  a  few  specific  voltages  within 
a  very  limited  current  range.  Not  so 
with  the  HZ  series.  You  may  select  the 
exact  zener  voltage  your  circuit  re¬ 
quires  within  a  range  of  from  24  to  160 
volts  —  over  a  wide  range  of  current 
values.  This  opportunity  to  select  in 
discreet  voltage  steps  obviates  addi¬ 
tional  corrective  circuitry . . .  saves  time! 

If  you  are  developing  a  voltage  regu¬ 
lation  circuit,  write  or  call  us  today.  We 


64  Zener  Diode  Types 
Offer  Advantages  to  Every 
Voltage  Regulator  Circuit 

As  compared  to  other  voltage  refer¬ 
ence  elements,  the  silicon  diode  remi- 
lator  has  a  longer  life  expectancy  be¬ 
cause  of  its  mechanical  ruggedness.  It 
does  not  deteriorate  under  storage  nor 
age  during  its  operating  life.  Small  size 
and  light  weight  make  its  use  in  air¬ 
borne  or  portable  equipment  especially 
desirable  from  many  standpoints. 

International  Rectifier  Corporation 
now  offers  an  extensive  line  of  zener 
types  numbering  64  in  seven  basic 
styles.  From  the  miniature  type  rated 
at  750  milliwatts  to  the  precision 
1N430  reference  element  types,  all  are 
manufactured  to  meet  the  most  rigid 
militaiy  requirements.  See  how  these 
all-welded,  hermetiedUy  sealed  diodes 
can  improve  your  circuit  design.  .  .  . 
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will  be  happy  to  provide  whatever 
assistance  vou  need  to  improve  your 
circuit  with  silicon  zener  regulators. 

For  Bulletin  SR-253  describing  the 
HZ  series  in  technical  detail . . . 
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ZENIAC  Provides  a  Shortcut  to  the 

Application  of  Silicon  Zener  Diodes 

A  flip  of  the  Zeniac  selector  _ 

switch  quickly  tells  you  the  exact 
diode  required  in  complex 
breadboard  circuitry.  This 
innovation  ~  the  first 
semiconductor  substitution  box 
in  history  —  has  been  designed 
specifically  to  aid  system  design 
groups  by  saving  valuable  lab 
time  in  the  application  of  zener 
diodes.  The  eleven  componetU 
diodes  of  Zeniac  are  rat^  at  1 
watt  and  range  in  voltage  from 
3.6  to  30  volts.  Zeniac  is  avail- 
able  at  your  local  International 
Rectifier  Industrial  Distributor. 
details  on  this  time  saver . . . 
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Technical  Service  Provides 
XY  Plot  of  Reverse  Breakdown 
Characteristics  of  Each  Diode 
in  all  Prototype  Orders 

To  eliminate  guesswork  and  tedious 
testing  on  your  part,  every  zener  diode 
sent  on  prototype  orders  will  be  accom¬ 
panied  hy  a  specially  plotted  XY  re¬ 
cording  of  its  exact  breakdown  voltage 
point!  This  permanent  record  can  come 
in  mighty  handy  when  it’s  time  to 
match  diodes  or  reorder  to  the  same 
specs.  'This  is  just  one  of  the  many 
application  engineering  services  we  are 
prepared  to  extend  to  you  at  all  times! 


Writ*  on  y*wr  UlUrhaad  for  Bulletin 
SR-250-A,  a  four  page  technical  article 
describing  the  characteristics  of  zener 
diodes,  how  to  select  them,  and  appli¬ 
cation  data  with  circuit  schematics. 
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Magnetic  Heads  for  Digital  Recording 


Get  more  capacity... reliability...faster  access 
...whether  you're  designing  a  new  pulse 
system ...  or  modernizing  your  present  one. 


Why  settle  for  less  than  the  best  magnetic  head 
—the  "heart”  of  your  digital  recording  system? 
Whether  your  digital  recorder  is  in  the  design 
stage,  on  order  or  in  use  now,  Clevite  "Brush” 
magnetic  head  specialists  can  improve  your 
system  at  low  cost.  Write  for  prompt  quota¬ 
tions  on  replacement  or  "modernization”  heads 
for  any  existing  transport,  or  specials  including 
flux-responsive  or  high  resolution  heads.  Write 
for  Clevite  Digital  Recording  Bulletin  for  com¬ 
plete  information. 
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A-Standard  tape  oxide 
thickness. 

B- Experimental  thin  oxide- 
tape. 

2  mil.  laminated  core 
.25  mil.  gap. 

Saturation  record 

Tape  speed— 120 Vsec. 

Eo- Amplitude  adjusted  in 
each  case  for  approx, 
equal  output. 
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MICROSECONDS 

CAPACITY — Five  series  of  Clevite 
"Brush”  multichannel  heads  give  chan¬ 
nel  format  variety  for  standard  tape 
widths  from  to  2".  A  single  block 
will  handle  up  to  16  channels  per  inch 
of  media  width — an  interlaced  block  up 
to  32  per  inch.  Clevite  heads  read  pulse 
widths  down  to  IH  mils  record^  to 
saturation  on  0.3  mil  coating  instrumen¬ 
tation  tape  —  approximately  600  pulses 
per  inch  with  self-erasing  saturation  re¬ 
cording.  More  than  300  ppi  packing  is 
possible  on  1  mil  coated  drums,  operat¬ 
ing  0.2  mils  out  of  contact  with  a  3  mil 
pulse  width  on  the  dnun. 

ACCESS  —  Careful  choice  of  material 
plus  unique  design  and  construction 
techniques  enable  Clevite  "Brush”  heads 
to  provide  uniform  ijerformance  at  very 
high  processing  rates.  The  heads  them¬ 
selves  respond  to  wave  lengths  down  to 
.15  mils  (1.5  MC  at  240  IPS)  but  standard 
instrumentation  tapes  and  transports 
usually  reduce  the  practical  repetition 
rate  of  saturated  recording  to  approxi¬ 
mately  30  KC  and  15  KC  for  RTZ  and 
NRTZ  respectively. 

RELIABILITY  —  Clevite  "Brush”  tape 
and  drum  heads  hold  track  width  and 
location  to  ±  0.001 -inch  tolerance.  Azi¬ 
muth,  contact  angle  and  gap  perpendic¬ 
ularity  are  true  ±  0  deg.,  5  min.  and 
can  be  held  even  closer  when  required. 
"Gap-mounted”  head  (see  photo)  has 
lapp^  bracket  and  cartridge  surfaces 
for  fast  replacement  without  critical  ad¬ 
justment.  Redundant  and  interlaced 
(see  photo)  designs  provide  immediate 
checking  of  recorded  data  and  higher 
output  per  channel  respectively.  All 
multichannel  heads  available  in  epoxy 
or  full  metal  face  (to  reduce  oxide  pickup) 
at  no  extra  charge. 

^  RofMt  f •ndifi9 


Pulse  width  comparison — 
standard  and  thin  oxide 
tape. 
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CLEVITK  ELECTRONIC  COMPONENTS 


pivisiON  or 


CLEVITE 


Field  aalea  enalnedrlng 


3311  Perkins  Avenue  •  Cleveland  14,  Ohio 

CBRAMIC  L  F.  FILTERS,  PIEZOELECTRIC  CRYSTALS 
AND  CERAMIC  ELEMENTS,  TRANSDUCERS 
offices  In  Newark,  Chleage  and  Uoa  Angelea. 
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FIG.  1— Equival«iH  •Uctrical  <ircvit 
of  animal  tittua.  VakMt  of  (ap«Ki* 
tanca  and  raM«tan«a  ara  fwn<tian« 
af  call  thapa,  radius,  and  voWma 
concantration 
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Powar  lavals  in  front  of  antannas  lika  this  AN/FPS-17  naar  larado,  Tax.,  can  ba  h« 
finding  out  what  r>f  anargy  doas  to  animal  tissua 


hooMi.  Rasoorch  is  now 


Researching  Microwave 
Health  Hazards 

High  power  levels  in  new  radar,  scatter  gear,  call  for  caution,  understanding, 
and  new  measuring  devices.  Here  is  where  we  stand  today 


By  FRANK  LEARY,  As.><ociate  Editor 


High-powered  radar,  radio  and  countermeasures 
transmitters  now  being  designed,  built  and  tested 
present  an  element  of  hazard  to  health. 

New  Air  Force  scatter  systems  will  put  out  100 
kw  of  average  power.  The  torus  scanner  for  the 
ballistic  missile  early-warning  system  will  beam 
COO  kw  average,  with  peak  power  in  the  10-mega¬ 
watt  region.  Radars  of  the  Millstone  Hill  type,  used 
to  track  and  analyze  missile  and  satellite  debris, 
will  also  produce  an  average  of  600  kw. 

The  hazard  resulting  from  focused  concentra¬ 
tions  of  such  energy,  like  any  hazard,  can  be  ren¬ 
dered  relatively  harmless  by  understanding  and 
precaution. 


Until  five  years  ago,  understanding  of  the  effects 
of  r-f  energy  on  living  animal  tissue  was  limited  to 
a  handful  of  experiments  performed  on  rats  and 
dogs,  and  a  small  body  of  experience  with  micro- 
wave  diathermy.  Results  from  experiments  on 
small  fur-bearing  animals  were  not  necessarily 
applicable  to  human  beings:  these  animals  have 
high  coefficients  of  heat  absorption,  small  body 
surfaces  and  relatively  poor  heat-regulating  sys¬ 
tems.  The  human  body,  by  comparison,  has  one  of 
the  best  regulating  systems.  Adequate  physiological 
function  can  be  maintained  at  240  F  for  p<>riod8  as 
long  as  20  minutes  if  humidity  is  low.  One  subject 
has  been  expo.sed  to  400  F  for  as  much  as  a  minute 
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FIG.  2— Dielectric  diepertion  of  lO^ercent  hemoglobin  solution  in 
water.  Dashed  curve  indicates  theoretically  predicted  behavior; 
points  ore  empirically  derived 


without  incurring  injury  to  the  tissue. 

Within  the  last  two  years,  a  massive  research 
program  has  attempted  to  enlarge  our  understand¬ 
ing  of  the  biological  effects  of  microwave  exposure. 
The  program  is  sponsored  by  the  Defense  Depart¬ 
ment,  and  is  coordinated  at  USAF’s  Occupational 
Health  Research  Laboratory  at  Cape  Canaveral  by 
Col.  George  M,  Knauf,  staff  surgeon  of  the  Air  Force 
Missile  Test  Center. 

Some  of  the  results  emerging  from  this  program 
point  up  criteria  for  safety  throughout  the  elec¬ 
tronics  industry  and  indicate  several  paths  for 
additional  research. 

R-F  IN  TISSUE — Animal  tissue  reacts  to  r-f  energy 
like  the  parallel  resistive-capacitive  circuit  shown 
in  Fig.  1  on  the  preceding  page.  At  low  frequencies, 
current  tends  to  bypa.ss  the  relatively  high  capaci¬ 
tance  of  the  cell  through  the  conductance  of  the 
electrolyte  which  surrounds  it.  As  the  capacitive 
reactance  drops  at  higher  frequencies,  the  current 
passes  into  the  cell.  At  microwave  frequencies, 
reactance  drops  to  the  point  where  animal  tissue 
presents  the  electrical  appearance  of  a  protein  solu¬ 
tion — a  suspension  of  individual  proteins  and  pro¬ 
tein  lipid  complexes  in  an  electrolyte. 

As  frequency  ri.ses,  the  dielectric  constant  of 
the  cell  materials  drops  due  to  dispersion.  In  muscle 
tissue,  one  drop  centers  at  about  100  cps.  A  second 
and  major  drop,  due  to  cell  structure,  centers  at 
about  100  kc.  A  third  major  drop  falls  in  the  micro- 
wave  spectrum  at  10,000  to  30,000  me,  and  is  caused 
in  part  by  the  properties  of  biological  macromole¬ 
cules  and  in  part  by  the  water  content  of  tissue. 
Water  is  known  to  display  a  dispersion  near 
20,000  me. 

The  form  and  orientation  of  the  protein  mole¬ 
cules  in  tissue  introduces  a  complicating  parameter,' 
according  to  researcher  Herman  P.  Schwan  at  the 
University  of  Penn.sylvania.  The  protein  constit¬ 
uents  appear  to  leave  “dielectric  holes”  in  the  elec¬ 
trical  path  formed  by  the  electrolyte.  Fig.  2  illus¬ 
trates  this  phenomenon  in  a  10-percent  solution  of 
hemoglobin  in  water. 


The  sharp  fall-off  in  dielectric  constant  m  the 
1-10  me  range  is  part  of  a  major  dispersion  dis¬ 
continuity  centered  around  1  me.  If  the  behavior 
of  the  material  were  completely  described  by  the 
1-mc  dispersion,  the  dielectric  constant  would 
assume  the  constant  level  indicated  by  the  dotted 
line  in  Fig.  2.  However,  the  dielectric  constant  is 
observed  to  follow  a  fairly  linear  decline  as  indi¬ 
cated  by  the  measurement  points  surrounding  the 
solid  line. 

Hydration  of  protein  molecules  can  explain  this 
behavior.  Figure  3  shows  the  frequency  dependence 
of  the  dielectric  constants  of  ice  and  free  water, 
with  the  curve  hypothetically  adduced  by  Schwan 
for  the  bound  water  that  hydrates  protein  mole¬ 
cules.  Ice  and  water  have  been  thoroughly  investi¬ 
gated  and  are  known  to  undergo  dispersion  at  1-10 
kc  and  20,000  me  respectively.  A  dispersion  curve 
for  bound  water  near  300  me  would  explain  the 
uhf-dispersion  phenomena  observed  in  protein  mole¬ 
cules. 

LIVING  ORGANISMS — The  seriousness  of  the  pos¬ 
sible  effects  of  r-f  energy  on  living  animals  depends 
on  several  factors.  One  is  the  size  of  the  animal: 
for  any  significant  effect,  the  animal  or  animal  part 
must  be  at  least  a  tenth  the  wavelength  in  size. 
Radio-frequency  energy  generally  penetrates  be¬ 
tween  a  tenth  and  a  hundredth  of  its  wavelength 
into  living  tissue. 


I 

I  Power  Brings  Problems 

The  problem  of  microwave  radiation  hazards  can  be 
neatly  summarized  in  the  words  of  USAF  Col.  George 
M.  Knauf,  who  has  coordinated  the  government's  re-  | 
search:  ! 

"We  established  arbitrarily  a  maximum  safe  exposure 
level  of  0.01  w/cm*  .  .  .  The  most  powerful  radar  set 
in  operation  today  cannot  produce  this  power  level  at 
500  ft,  even  in  the  axis  of  the  main  beam  .  .  . 

"The  levels  at  which  we  are  conducting  our  probing 
exposures  are  many  times  greater  than  the  capability  of  j 
present-day  equipment  ... 

j  "In  the  new  series  of  equipment  on  the  drawingboard  I 
...  we  can  be  certain  that  we  will  attain  power  levels  | 

equal  to  our  safe  exposure  level  over  a  much  wider  area,  j 
Such  levels  wilt  not  be  restricted  to  the  main  beam.  Be-  I 
cause  of  the  peculiar  configuration  of  this  equipment,  it  I 
will  be  necessary  for  certain  technical  personnel  to  spend  I 
varying  periods  of  time  in  areas  where  the  ambient  power 
level  will  exceed  0.01  w/cm*.  The  upward  tilt  of  the 
beam  will  still  offer  protection  to  the  casual  passerby. 

"The  problem  of  accidental  exposure  to  this  higher 
power  becomes  a  possibility.  The  need  for  protective 
clothing  to  cope  with  operating  and  maintenance  prob¬ 
lems  appears  inevitable,  as  does  the  need  for  more 
attention  to  shielding  for  buildings  and  passageways  in 
the  operational  areas. 

"Even  here  there  does  not  appear  to  be  any  need  for 
concern  about  any  hazardous  situation  outside  of  the 
i  immediate  vicinity  of  the  equipment  ..." 
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The  amount  of  power  absorbed  by  the  body  is  also 
frequency-dependent.  At  frequencies  below  400  me 
and  above  3,000  me,  the  body  absorbs  about  half 
the  incident  power  or  less.  The  rest  passes  through 
(lower  frequencies)  or  is  reflected  at  the  skin’s 
surface  (higher  frequencies).  At  frequencies  below 
1.5  me  the  human  body  ceases  to  be  a  signifleant 
fraction  of  wavelength. 

Between  1,000  and  3,000  me,  the  percentage  of 
absorbed  radiation  can  approach  100  percent,  de¬ 
pending  on  thickness  of  skin  and  of  subcutaneous 
layers  of  fat. 

Below  1,000  me,  most  radiant  energy  is  translated 
into  heat  in  the  deep  tissues  (at  300  me,  for  exam¬ 
ple,  much  of  the  heat  would  tend  to  develop  three  or 
four  inches  inside  the  body).  Above  3,000  me,  the 
result  is  mostly  surface  heating.  Intolerable  tem¬ 
perature  rises  are  therefore  more  likely  below  1,000 
me. 

The  interface  effect  is  an  important  factor  in  the 
biological  effect  of  r-f  energy.  Every  time  the  en¬ 
ergy  passes  from  one  material  to  another,  the  dis¬ 
continuity  reorients  the  power.  Power  is  reflected, 
and  a  standing  wave  results  near  the  interface. 

Early  experiments  with  a  2,450-mc  diathermy 
machine  showed  that  a  layer  of  red  meat  was  heated 
to  higher  temperature  when  a  layer  of  lard  was 
placed  on  top  of  it  than  when  exposed  alone.  Fur¬ 
thermore,  the  lard  melted  at  the  interface,  not  on 
top. 

HEAT  EFFECTS — Since  animal  tissue  converts 
into  heat  most  of  the  electromagnetic  energy  it 
absorbs,  the  thermal  effects  are  the  most  serious 
recorded  thus  far.  Thermal  effects  of  microwave  en¬ 


ergy  are  directly  related  to  average  power  levels. 

The  eye  and  the  testis  are  the  two  organs  most 
seriously  affected  by  heat.  The  eye  is  easily  dam¬ 
aged  because  it  has  an  inefficient  vascular  (blood- 
transfer)  system  for  the  exchange  of  heat  to 
surrounding  tissue.  Research  also  suggests  that  cer¬ 
tain  enzymes  in  the  eye  are  characteristically  sensi¬ 
tive  to  alteration  due  to  temperature  increases. 

The  seminiferous  tubules  of  the  testis  are  easily 
damaged  by  heat.  Indeed,  temporary  partial  steril¬ 
ity  can  even  be  induced  by  the  wearing  of  tight 
undergarments,  since  the  normal  temperature  of  the 
body  is  too  high  for  these  tubules. 

Irreversible  damage  to  the  eye  is  far  more  com¬ 
mon  than  irreversible  damage  to  the  testis.  Al¬ 
though  temporary  sterility  and  tubular  damage 
have  been  induced  in  animals,  the  situation  has  ulti¬ 
mately  corrected  itself.  One  researcher  has  com¬ 
mented  that  irreversible  damage  to  a  human  testis 
due  to  hyperthe  mia  would  probably  be  preceded 
by  death  of  the  subject. 

The  eye,  however,  develops  opacities  of  the  lens 
(cataracts)  due  to  overheating,  and  these  can  be 
irreversible.  The  avascular  condition  of  the  eye 
complex  makes  the  removal  of  dead  tissue  difficult. 
The  alterations  in  enzymes  in  the  eye  lens  may 
cause  these  enzymes  to  change  or  cease  their  func¬ 
tional  activity.  If  cellular  metabolism  stops,  the 
tissues  die;  if  it  decreases,  dysfunction  may  result. 

Small  opacities  detected  after  one  or  a  few  expo¬ 
sures  to  r-f  energy  (in  rabbits,  whose  eyes  are 
closest  in  structure  to  human  eyes)  have  frequently 
been  observed  to  develop  into  major  lesions  without 
additional  exposure. 

Time  and  power  thresholds  for  lens  opacities  at 
12.3  cm  range  from  5  minutes  at  0.59  w/cm"  to  90 
minutes  at  0.29  w/cm’.  Exposure  to  sustained  ir¬ 
radiation  at  0.12  w/cm"  for  4.5  hours  caused  no  dis¬ 
cernible  opacity,  which  suggests  that  this  power 
level  is  a  threshold  of  safe  exposure.  The  12.3-cm 
spectrum  (the  region  between  2,400  and  3,000  me) 
has  been  found  critical  for  the  production  of 


FIG.  3— DMactric  di«p«rsieii  in  icn  and  walar.  Cwrv*  for  bound 
wotor  •xploint  ditportion  of  offoctivo  dioloctrk  conttont  of  homo- 
globin  moloculoo 


This  60-ft  rofloctor  forms  on#  ond  of  ITT't  Cubo-Florida  scottor  link. 
Antonno  puts  out  10  kw;  now  scottor  systoms  will  bo  10  timos  os 
poworful 
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cuturucts,  perhaps  because  of  the  distance  below 
the  surface  of  the  eye  of  the  highly  sensitive  suture 
of  the  lens,  where  most  cataracts  form. 

WHOLE  BODY — Exposure  of  the  whole  body  is 
also  serious,  since  there  is  no  organism  with  which 
the  blood  can  interchange  heat  if  the  whole  body  is 
heated. 

One  of  the  principal  causes  of  internal  damage 
due  to  fever  (natural  or  induced)  is  anoxia,  or  lack 
of  oxygen.  This  condition  causes  almost  instant 
damage  to  certain  sensitive  cell  groups  in  the  brain, 
central  nervous  system,  and  internal  organs,  nota¬ 
bly  the  kidney,  liver  and  adrenal  glands. 

For  every  degree  that  the  temperature  of  the 
body  rises  above  normal,  the  rate  of  basal  metab¬ 
olism  increases  5  to  14  percent,  which  requires  a 
50  to  100  percent  increase  in  the  supply  of  oxygen 
to  tissues.  But  the  presence  of  fever  brings  about  a 
net  reduction  in  the  oxygen  supply. 

Heat  causes  the  hemoglobin  to  lose  some  of  its 
capacity  to  combine  with  oxygen.  Increase  in  blood- 
flow  rate  reduces  the  time  available  in  the  lungs  for 
oxygen  tran.sfer.  Rapid  breathing  results,  causing 
alkalosis  (the  dizziness  you  may  experience  from 
blowing  up  a  balloon  is  caused  by  alkalosis),  which 
increases  the  chemical  stability  of  hemoglobin  and 
interferes  with  the  release  of  oxygen  to  the  tissues. 

The  combination  of  these  factors  produces  severe 
anoxia.  Additional  effort  by  the  body  to  supply 
oxygen  in  needed  quantities  may  cause  hemorrhage, 
further  compounding  the  damage. 

Sedatives  and  tranquilizers  reduce  the  body’s 
ability  to  withstand  heat.  Sedation  interferes  with 
the  cellular  utilization  of  such  oxygen  as  is  avail¬ 
able,  contributing  further  to  the  anoxic  condition. 


Safety  Standards 

Army  training  areas  have  certain  characteristics  in  com¬ 
mon  with  industry  testing  grounds.  The  army  has  estab¬ 
lished  these  criteria  for  its  training  areas: 

Hard  stand  areas  (concrete,  osphalt,  etc.)  are  limited 
to  immediate  vicinity  of  the  set. 

Surfaces  between  are  soft  and  absorbent,  preferably 
grass. 

Sets  are  separated  by  distances  which  reduce  search¬ 
lighting  exposures  to  less  than  0.01  w/cm’. 

Training  areas  near  acquisition-type  radars  are 
screened  in  the  direction  of  the  beam. 

Rest  areas  are  provided  where  power  densities  are 
0.001  w/cm’  or  less. 

No  other  unassociated  training  is  done  in  the  vicinity 
of  the  radar  training  areas. 

General  Electric  has  been  observing  these  safety 
standards  since  June  1,  1954; 

Prevent  exposure  to  direct  beams,  especially  of  the 
eyes. 

Limit  direct  or  reflected  intensity  in  all  areas  to  which 
people  require  access  to  0.001  w/cm-. 

GE  feels  it  necessary  to  monitor  at  0.001  w/cm’  to 
make  allowance  for  harmonics  and  spurious  waves 


The  functioning  of  the  hypothalmus,  the  body’s 
thermostat  control,  is  impaired  by  high  temperatures; 
as  a  result,  the  nervous  system  cannot  efficiently 
establish  sweating  or  adequate  peripheral  circula¬ 
tion.  High  body  temperatures  also  cause  a  reduc¬ 
tion  in  the  efficiency  and  number  of  thrombocytes, 
the  blood  constituents  which  cause  coagulation.  As 
a  result,  clotting  time  is  increased. 

DIMENSIONAL  RESONANCE— Since  the  body  and 
its  parts  are  conductive,  they  resonate  at  critical 
frequencies  and  can  build  up  standing  waves.  Some 
of  the  effects  noted  by  researchers  in  the  hollow 
cavities  of  the  body  and  in  bone  marrow  appear  to 
have  been  caused  by  concentrations  of  thermal  en¬ 
ergy  that  may  have  been  produced  by  resonance. 

In  more  than  one  case,  internal  lesions  caused  by 
microwave  exposure  were  undoubtedly  produced  by 
reflections  from  fat-muscle  or  muscle-bone  inter¬ 
faces,  which  produced  standing  waves  nearby. 

A  couple  of  experiments  with  small  animals  have 
shown  partial  or  complete  loss  of  control  over 
motor  functions  under  relatively  mild  exposure, 
with  immediate  recovery  after  removal  of  power. 
This  effect  could  result  from  resonance  in  the 
cranial  cavity  or  along  the  spinal  column,  which 
might  create  a  strong  enough  field  to  beat  against 
and  cancel  the  normal  signals  in  the  motor  network. 
The  nerve  transmission  system  could  thus  tem¬ 
porarily  be  rendered  inoperative. 

NONTHERMAL  EFFECTS— Nonthermal  effects 
have  been  demonstrated  by  some  of  the  researchers. 
Nonthermal  effects,  however,  are  hard  to  trace  in 
animal  experiments,  since  no  thermostatic  device 
exists  which  can.  keep  body  temperatures  constant 
and  thus  eliminate  thermal  effects.  The  variability 
of  animal  responses  also  makes  it  difficult  to  estab¬ 
lish  an  exact  relationship  between  dose  and  effect. 

Molecular  response  characteristics  of  protein 
molecules  and  protein  lipid  complexes  may  be 
responsible  for  nonthermal  effects.  These  responses 
result  from  the  movement,  orientation  and  polariza¬ 
tion  of  the  molecular  constituents:  side  groups  and 
main  protein  body.  Each  of  the  side  groups,  as  well 
as  the  main  body,  may  be  electrically  polar.  High 
r-f  field  strengths  can  orient  the  side  groups  and 
cause  dielectric  saturation.  When  all  side  groups 
are  completely  oriented,  the  bonds  between  them 
and  the  main  protein  body  may  be  snapped  by  a 
.small  increase  in  field  strength, 

Denaturation  of  living  tissue  in  this  manner,  one 
possible  nonthermal  effect,  is  most  likely  to  occur 
in  the  100-300  me  range.  The  likelihood  decreases 
sharply  above  1,000  me.  The  effect  need  not  have  a 
significant  thermal  counterpart,  since  it  can  be 
brought  about  by  high  peak  powers  whose  average 
value  is  not  great  enough  to  produce  heating. 

Nonthermal  components  have  been  noted  in  the 
production  of  cataracts,  and  in  variations  in  blood¬ 
clotting  time.  Research  at  Tufts  University  has 
produced  cataracts  at  subcritical  temperatures  by 
exposure  to  high  peak  values  of  power.  This  may  be 
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the  result  of  molecular  responses  in  the  sensitive 
enzymes  mentioned  above.  Increase  in  blood-clot- 
ting  time  may  result  from  similar  responses  in  the 
thrombocyte  platelets. 

A  clearly  nonthermal  phenomenon  noted  by  re¬ 
searchers  is  the  formation  of  pearl  chains  in  living 
fatty  tissue,  in  solutions  of  erythrocytes,  in  solu¬ 
tions  of  milk  and  blood,  and — most  recently — in 
lymph.  Upon  exposure  to  microwave  energy,  the 
suspended  solids  form  into  chains  of  round  aggre¬ 
gations,  similar  in  appearance  to  tiny  strings  of 
pearls,  oriented  in  the  direction  of  the  r-f  beam. 

If  such  a  phenomenon  occurs  on  the  molecular 
level,  the  natural  distribution  of  ti.ssue  components 
may  be  disturbed,  which  could  have  profound  bio¬ 
logical  significance. 


INSTRUMENTS — The  nature  of  the  problem  of  bio¬ 
logical  effects  is  such  that  new  instruments  are 
needed. 

Most  areas  in  which  the  more  serious  possibilities 
for  damage  arise  are  in  the  Fresnel  zone  just  for¬ 
ward  of  a  microwave  reflector,  and  in  backlobes, 
and  from  spurious  reflections.  In  the  Fresnel- 
F'raunhofer  crossover  and  within  the  "Fresnel  zone 
itself,  the  point-to-point  variations  in  power  density 
are  such  as  to  require  measurement  rather  than 
calculation.  Similarly,  reflections  from  buildings 
and  terrain  features  require  measurement,  as  do 
backlobes  and  transmission-line  leaks. 

Sperry  Gyroscope  has  produced  a  series  of  light, 
portable,  battery-operated  radiometers  (or  power 
density  meters).  Each  meter  (see  cover)  covers  one 
segment  of  the  microwave  spectrum.  The  block  dia¬ 
gram  of  this  simple  instrument  is  given  in  Fig.  5. 

A  second  needed  piece  of  equipment  is  a  dosim¬ 
eter  for  personal  use  by  people  exposed  to  micro- 
wave  exposure.  The  Richardson  dosimeter  (pic¬ 
ture),  developed  by  Alfred  W,  Richardson  at  St. 
Louis  University’s  School  of  Medicine,  is  one  such 
device. 

The  hand-held  dosimeter  contains  a  broadband 
transducing  material — a  small  mass  of  gelatin, 
simulating  an  avascular  body  structure — which  ab¬ 
sorbs  microwave  energy  and  translates  it  into  heat; 
and  a  thermistor  to  translate  the  heat  into  a  meter 
reading.  The  instrument  as  presently  designed  is 
highly  sensitive  to  ambient  temperature:  when 
moved  from  indoors  to  outdoors,  from  tabletop  to 


Richordten  de*im«t«r  tn«a*ur««  haot  analog  of  r-f  onorgy,  with 
blob  of  golotin  as  transducor 


hand,  or  from  one  pocket  to  another,  it  produces  a 
larger  change  in  reading  than  that  caused  by  a 
biologically  significant  r-f  field.  For  this  reason  it 
can  be  rendered  ineffectual  in  field  use. 

The  dosimeter  has  a  “fast”  component  due  to  r-f 
pickup  in  the  wiring,  which  is  converted  to  heat  in 
the  thermistor;  and  a  “slow”  component  resulting 
from  the  conversion  of  r-f  energy  to  heat  in  the 
gelatin.  In  practice,  these  result  in  “rate”  and 
“dose”  readings.  The  thermal  time  constant  of  the 
gelatin  is  about  6  minutes,  which  is  within  the 
range  of  biological  significance. 

Protective  clothing  to  absorb  or  reflect  r-f  energy 
is  also  needed.  Design  of  such  clothing  is  within  the 
scope  of  present  technology;  technicians  working 
on  BMEWS  radars  will  wear  such  clothing. 

Of  especial  importance  is  protective  headgear 
that  adequately  protects  the  eyes.  Glasses  may  cause 
more  trouble  than  they  prevent,  especially  if  they 
are  prescription  lenses.  By  reflecting  and  focusing 
r-f  energy,  they  might  cause  the  build-up  of  nodes  and 
standing  waves  just  where  they  can  do  the  most 
harm. 

An  efficient  head  covering  would  have  to  block 
out  all  access  to  the  rear  aspect  of  prescription- 
type  spectacles,  and  would  of  necessity  include  a 
planar  eyepiece  of  transparent  material  for  users 
who  do  not  wear  spectacles. 
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Telemetry  Demodulator 


Input  circuit  to  pulse-position  telemetry  demodulator  is  a  modified  two-input 
semiconductor  diode  AND  gate.  A  quasifeedback-type  link  between 
transmitting  and  receiving  equipments  compensates  variation  parameters 


By  LLOYD  WEISMAN,  Ford  Instrument  Co.,  Division  of  Sperry  Rand,  Long  Island  City,  N.  Y. 


Design  requirements  for  pulse- 
position  telemetry  systems 
specify  rugged,  miniature  and 
lightweight  equipment  which  uses 
few  components  and  is  reliable  over 
a  wide  range  of  operating  condi¬ 
tions.  A  block  diagram  showing 
such  a  ppm  telemetry  transmitter 
with  its  associated  input  signals  is 
show’n  in  Fig.  1.  Also  shown  are 
ground  units  consisting  of  pulse¬ 
shaping  and  synchronizing  circuits, 
ten  demodulator  channels  and  a 
quasifeedback-type  link  between  the 
transmitter  and  receiver.  The  feed¬ 
back  compensates  any  variations  of 
parameters  in  the  transmitter  other 
than  d-c  data  inputs. 

Transmission 

A  brief  description  of  the  trans¬ 
mitting  part  of  the  telemetry  sys¬ 
tem  will  be  given.* 

At  point  A  in  Fig.  2  negative 
pulses  at  the  required  prf  are  ap¬ 
plied  to  the  variable-width  pulse 
generator,  a  monostable  multivi¬ 
brator,  which  then  produces  posi¬ 
tive  gate  outputs,  shown  at  point 
B.  These  gates  are  differentiated 
to  produce  positive  and  negative 
spikes.  The  negative  spike  is  used 
to  cut  off  the  first  stage  of  the  two- 
stage  amplifier,  a  normally  satu¬ 
rated  tube.  This  provides  a  posi¬ 
tive  gate  output,  w'hose  leading 
edge  is  coincident  in  time  with  the 
trailing  edge  of  the  monostable 
multivibrator  output.  This  leading 
edge  triggers  a  pulse  shaper  to  pro¬ 
vide  the  negative  output  pulse. 


shown  at  C.  This  negative  pulse 
is  similar  in  shape  and  amplitude 
to  the  input  waveform  at  A  but 
separated  from  it  in  time  by  the 
width  of  the  pulse  generator  out¬ 
put  gate.  Both  the  input  and  out¬ 
put  pulses  of  negative  polarity  are 
then  u.sed  in  the  receiver  as  input 
signals.  The  leading  edge  of  the 
first  pulse  is  also  used  to  multiplex 
a  single-pole,  ten-position  electronic 
switch  which  operates  ten  clamp¬ 
ing  circuits  and  provides  the  system 
with  ten  independent  channels. 

The  input  to  each  channel  is  a  d-c 
voltage  of  from  0  and  5  v,  which  is 
superimposed  on  the  fixed  grid  bias 
of  the  variable-width  pulse  gener¬ 
ator  tube.  This  tube  is  normally 
biased  to  cutoff  by  the  clamping 
circuits.  Variation  in  grid  bias 
changes  the  width  of  the  multivi¬ 
brator  output  waveform.  The  width 
is  directly  proportional  to  each 
multiplexed  d-c  input  voltage  of 
each  of  the  ten  telemetry  channels. 

In  the  receiver,  provision  is  made 
for  inversion  and  shaping  of  the 
negative  transmitted  pulses.  They 
are  fed,  properly  synchronized 
with  the  transmitter  synchronizing 
pulses,  into  the  demodulator. 

Demodulator 

For  a  telemetry  system  to  be  use¬ 
ful,  it  must  have  a  linearity  of  one 
percent  or  better.  This  linearity 
must  be  preserved  in  the  demodu¬ 
lator.  The  circuits  and  components 
utilized  in  this  unit  were  designed 
to  meet  or  exceed  this  requirement. 


A  block  diagram,  schematic  and 
waveforms  of  the  demodulator  are 
shown  in  Fig.  3. 

Input  circuit  to  the  demodulator 
is  a  modified  two-input  semi¬ 
conductor  diode  AND  gate.  The  two 
positive  pulses,  occurring  at  the 
prf  rate,  are  applied  to  one  leg  of 
the  circuit,  shown  at  A,  while  a 
wide  positive  gate,  occurring  at 
one-tenth  the  prf  rate  and  obtain¬ 
able  from  a  ten  position  electronic 
switch,  is  applied  to  the  other  input 
leg,  B.  The  switch  is  similar  to 
the  one  in  the  transmitter,  and  is 
located  in  the  synchronizer  portion 
of  the  ground  equipment.  Normally, 
because  of  the  finite  forward  re- 
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FIG.  1— Overall  block  diagram  of  pul$o« 
position  tolomotry  system 
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Using  Modified  AND  Gate 


PulM-po*itian  damoduloler  (left)  and  dacommutator  (right)  ora  packaged  in  modular 
form  to  facilitat*  plug-in  uM 


FIG.  2— Simpliflad  black  diagram  of  talo- 
matry  transmitting  systam 


sistance  of  the  crystal  diodes  and 
impedance  of  the  source  generators, 
some  small  amount  of  input  signal 
on  either  leg  of  an  and  circuit  will 
appear  in  the  output  in  addition  to 
the  required  output  waveform.  In 
the  present  application,  however, 
since  output  of  the  and  circuit  feeds 
the  bases  of  a  transistorized  bi¬ 
stable  multivibrator,  the  waveform 
must  be  free  of  noise  signals.  As 
shown  in  Fig.  3,  the  d-c  output  volt¬ 
age  level  of  the  and  circuit  is  nor¬ 
mally  higher  than  the  amplitude  of 
any  expected  noise  pulses  so  that 
diode  D,  will  not  conduct  until  the 
required  signal  pulses  are  applied 
to  diode  £),. 

Symmetrical  Triggering 

The  AND  circuit  output  pulses 
shown  at  C  are  applied  to  the  bi¬ 
stable  multivibrator  which  uses 
symmetrical  triggering.  This  cir¬ 
cuit  employs  two  pnp  2N496  -high¬ 
speed  silicon  switching  transistors. 
Silicon  is  used  for  stable  operation 
over  the  required  temperature 
range  and  the  high  cutoff  frequency 
is  required  for  fast  rise  time  and 
for  good  system  linearity.  The  out¬ 
put  stage,  Qj,  of  the  multivibrator 
is  normally  saturated  and  the  input 
stage,  Q„  is  normally  cut  off.  The 
voltage  across  D,  is  approximately 
zero,  while  D,  is  highly  reverse  bi¬ 
ased  because  the  collector  of  Q,  is 
at  —6  V.  When  the  first  of  the  two 
positive  pulses  is  applied  to  the 


common  triggering  point  of  the 
multivibrator,  Dj  conducts  almost 
immediately,  cutting  off  Q,  and  re¬ 
verse  biasing  D^,  while  circuit  ‘ac¬ 
tion  then  causes  Q,  to  become  satu¬ 
rated.  This  stable  state  remains  in 
effect  until  the  second  of  the  two 
positive  pulses  is  applied.  Since 
voltage  across  D,  is  now  approxi¬ 
mately  zero,  it  conducts  and  cuts 
off  Q„  thus  returning  the  circuit  to 
its  original  stable  state.  The  output 
gate  from  the  multivibrator  is  neg¬ 
ative  and  equal  in  width  to  the  spac¬ 
ing  between  the  two  input  pulses, 
as  shown  at  point  D. 

The  bistable  multivibrator  has 
been  designed  to  minimize  timing 
delays.  If  a  transisto**  were  to  be 
driven  too  far  into  saturation,  there 
would  be  a  time  delay  between  the 
application  of  the  input  pulse  ai  d 
initiation  of  circuit  action.  ,,The 
amount  bf  such  a  delay  is  limited 
by  system  linearity  requirements 
and  should  ideally  be  nearly  zero. 

Modified  Bootstrap 

The  multivibrator  output  gate  is 
then  applied  to  the  switching  stage 
of  a  highly  linear  modified  boot¬ 
strap  sweep  circuit.  This  linearity 
is  accomplished  by  providing  a  con¬ 
stant  current  source  to  charge  up 
a  capacitor  for  a  period  of  time  de¬ 
termined  by  the  input  signal.  Ad¬ 
vantage  is  taken  of  the  constant 
current  charging  of  the  capacitor 
to  provide  a  peak  voltage  directly 


proportional  to  the  duration  of  the 
input  signal. 

Switching  stage  Q,  is  composed 
of  an  ST32  silicon  npn  transistor, 
which  is  normally  saturated  and 
drawing  full  collector  current 
through  R,  from  the  supply  voltage. 
Capacitor  C.  is  assumed  to  be  dis¬ 
charged.  Under  these  conditions, 
the  collector  of  Q,  is  several  volts 
negative  and  keeps  diode  D,  in  its 
reverse  biased  and  cutoff  state. 
Thus  a  charge  is  prevented  from  ac¬ 
cumulating  on  Cf 

When  the  negative  gate  from  the 
multivibrator  reduces  Q,  to  its  cut¬ 
off  state,  its  collector  tends  to  rise 
towards  the  supply  voltage. 

However,  when  the  voltage  at  the 
anode  of  diode  D,  exceeds  that  at 
its  cathode  by  some  small  amount, 
it  is  forward  biased  and  allows  ca¬ 
pacitor  Ct  to  charge  from  the  sup¬ 
ply  voltage  through  R,.  Charging 
continues  for  the  duration  of  the 
negative  multivibrator  output 
waveform.  When  this  waveform 
ends,  transistor  Q,  again  saturates 
and  its  collector  voltage  drops  to 
some  small  negative  value  reverse 
biasing  diode  D,  Thus  C,  cannot 
discharge  rapidly  through  the  sat¬ 
uration  resistance  of  transistor  Q,, 
which  happens  in  conventional 
sweep  circuits. 

When  C,  begins  to  charge,  the 
resultant  waveform  is  amplified 
through  Darlington  emitter-fol¬ 
lower  stage  Q:.-Q*  and  fed  back  by 
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bootstrap  action  to  resistor  R, 
through  blocking  capacitor  C,. 
Since  diode  D,  is  normally  conduct¬ 
ing,  the  voltage  at  this  point  is 
equal  to  the  supply  voltage.  How¬ 
ever,  when  the  charging  voltage 
from  the  emitter  of  Q,  is  superim¬ 
posed  on  this  d-c  level,  diode  f),  is 
reversed  biased  and  linear  charging 
of  capacitor  C,  is  accomplished 
through  resistor  /?,  and  diode  D,. 
This  resultant  constant  current 
charges  C,  and  provides  a  linear 
sweep  voltage. 

Composite  Emitter  Follower 

The  output  of  the  demodulator 
channels  must  be  in  the  form  of  a 
d-c  l-'vel  equal,  within  the  allowable 
system  linearity  requirements,  to 
the  d-c  input  signal  level  applied  to 
the  same  channel  in  the  transmit¬ 
ting  equipment. 

To  obtain  a  d-c  level  from  the 
linear  sw’eep  voltage,  the  peak  value 
of  this  waveform  must  be  main¬ 
tained  for  at  least  ten  times  the  prf 
period.  To  establish  an  r-c  discharge 
time  constant  equal  to  about  ten 
times  the  period  of  the  resultant 
wave,  an  emitter  follow’er  must  be 
used  whose  input  impedance  ap¬ 
proaches  tens  of  megohms.  Com¬ 
posite  emitter  follower  Q.-Q,  is  used 
for  this  purpose.  The  input  imped¬ 
ance  of  this  stage  is  given  approxi¬ 
mately  by,* 

^i«  r„  /?i./[r,,  -f-  R,,  -f=  r„  (1 

-  a,)] 

where  the  subscript  1  refers  to  the 
parameters  of  and  the  subscript 
2  refers  to  those  of  Q„. 

Capacitor  C«  must  be  di.scharged 
prior  to  its  next  charging  period 
otherwise  it  would  iteratively 
charge  to  some  large  value  of  volt¬ 
age  and  no  longer  be  able  to  re¬ 
spond  linearly  to  the  input  w’ave- 
form.  A  positive  gate,  shown  at 
point  E',  is  applied  to  Q,  ju.st  prior 
to  the  charging  period  of  capacitor 
C»,  and  effectively  discharges  C,  to 
permit  it  to  start  charging  from  its 
initial  discharged  condition  at  the 
start  of  each  cycle.  This  procedure 
allows  the  linear  sweep  voltage  to 
be  directly  proportional  to  the  spac¬ 
ing  of  the  two  transmitted  pulses. 
Thus  a  linearity  for  the  entire 
telemetry  system  of  better  than  1 
percent  is  achieved. * 

During  the  exceptionally  long  dis- 
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FIG.  3— Block  diagram,  schematic  and  waveforms  of  the  demodulator 


charge  period  of  Co,  any  resistance 
in  parallel  with  the  high  input  im- 
ptidance  of  the  composite  emitter 
follower  will  reduce  the  R-C  dis¬ 
charge  time  constant.  Since  a  crys¬ 
tal  diode,  D„  and  a  transistor,  Q„ 
are  both  connected  in  this  manner, 
both  their  reverse  saturation  cur¬ 
rents  will  tend  to  reduce  the  R-C 
discharge  time  constant.  To  reduce 
this  effect  to  a  minimum,  silicon  is 
used  for  both  units  and  each  is 
selected  for  its  low  reverse  satura¬ 
tion  current.  The  diode  is  a  IN459 
and  the  transistor  an  ST32. 

The  resultant  waveform,  existing 
at  F  in  Fig.  3,  has  an  amplitude 
that  is  linearly  variable  with  the 
input  pulse  spacing.  This  signal  is 
then  filtered  by  the  three  L-section 
filters  and  results  in  a  d-c  level  cor¬ 
responding  to  the  d-c  input  signal 
applied  to  the  same  channel  in  the 
transmitting  equipment. 


Because  the  linearity  of  the 
telemetry  system  must  be  held  to 
better  than  one  percent,  no  varia¬ 
tions  in  parameters  may  be  allowed 
whose  total  summation  adds  up  to 
more  than  this  figure.  Channel 
number  ten  of  the  demodulator,  the 
reference  channel,  in  conjunction 
with  circuitry  w'hich  includes  an 
operational  amplifier,  is  used  to  re¬ 
duce  any  variations  in  parameters, 
other  than  the  d-c  data  voltage 
inputs,  to  a  value  which  is  small 
compared  with  the  allowable  sys¬ 
tem  deviation  from  linearity.  As 
shown  in  the  schematic  diagram  in 
Fig.  4,  the  input  to  the  compensator 
(operational  amplifier)  is  derived 
from  the  d-c  output  voltage  from 
the  reference  channel  of  the  demod¬ 
ulator. 

The  reference  channel,  which  is 
similar  in  design  to  the  nine  other 
demodulator  information  channels. 
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is  initially  set  by  adjustable  re¬ 
sistors,  so  that  the  152>^sec  spac¬ 
ing  of  the  reference  pulses  fed  into 
this  channel  will  correspond  to  a 
20-v  d-c  output  voltage.  This  d-c 
voltage  level  is  then  fed  to  the  op¬ 
erational  amplifier  whose  overall 
gain  is  approximately  25.  The  plate 
voltage  for  this  amplifier  is  plus 
300  V,  and  the  circuit  parameters 
are  chosen  to  give  a  150-v  drop 
through  the  plate  load  resistor.  The 
plus  150-v  d-c  level  at  the  plate  of 
the  pentode  is  then  applied  through 
a  cathode  follower  to  the  sweep 
charging  circuit  in  each  of  the  nine 
information  channels  of  the  demod¬ 
ulator.  The  cathode  follower  sup¬ 
plies  the  power  to  the  charging  R-C 
circuits  and  the  sweep  voltages  are 
developed  across  the  individual 
capacitors. 

Pulse  Spacing 

During  operation  of  the  trans¬ 
mitting  equipment,  variations  in 
parameters  such  as  battery  ter¬ 
minal  voltage  variations,  changes 
in  resistance  values  with  tempera¬ 
ture  and  age,  tube  ageing,  and 
variations  in  power  supplies  will 
normally  occur.  This  means  that  the 
reference  puKse  spacing  will  change 
from  the  nominal  value  of  152  /xsec. 
Similarly  the  information  pulse 
spacing  of  the  other  information 
channels  will  change  and  erroneous 
intelligence  will  be  received  by  the 
ground  equipment. 

However,  if  the  d-c  level  output 
voltage  of  the  demodulator  '•hannels 
can  be  compensated  to  revert  to  the 
levels  which  would  have  prevailed 
if  the  parameters  had  not  changed 
in  value,  correct  information  will 
be  contained  in  the  demodulator  out¬ 
put  although  incorrect  information 
is  being  fed  to  the  ground  telemetry 
receiver  system. 

To  explain  the  operation  of  the 
compensating  circuits,  let  the  d-c 
input  signal  to  the  operational  am¬ 
plifier  decrease  as  a  result  of  the 
pulse  spacing  decrease  from  the 
nominal  152  fisec.  The  plate  cur¬ 
rent  will  also  decrease.  This  will 
increase  the  plate  voltage  which  in 
turn  is  u.sed  to  charge  the  capacitors 
across  which  the  sweep  voltages  are 
developed. 

Therefore  when  the  reference 
pulse  spacing  decreases  from  152 
fisec,  the  decreased  charging  time 
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FIG.  4— Compantator  for  variation  of 
poromotort  in  tfio  transmitting  oquipmont 


is,  ideally,  compensated  for  exactly 
by  having  the  capacitor  charge  from 
a  higher  source  voltage.  The  system 
has  been  checked  out  and  can  main¬ 
tain  its  1  percent  linearity  over  a 
range  of  152  fisec  plus  or  minus  a 
20-^ec  variation  into  the  demodu¬ 
lator  reference  channel. 

In  the  demodulator  channels,  the 
bootstrap  sweep  circuits  theoreti¬ 
cally  operate  as  described  above.  In 
practice,  however,  certain  complica¬ 
tions  arise  because  the  subsequent 
circuitry  is  required  to  produce  an 
average  d-e  waveform. 

This  situation  means  that  charg¬ 
ing  capacitor,  C.,  must  not  be  al¬ 
lowed  to  discharge  rapidly  as  in  a 
normal  bootstrap  sweep  circuit.  A 
large  resistor  is  added  so  the  capaci¬ 
tor  can  discharge  slowly  and  main¬ 
tain  its  peak  charging  voitage  for 
the  duration  of  the  period  of  the 
wave.  That  is,  the  R-C  time  con¬ 
stant  is  much  greater  than  ten 
times  the  prf  period. 

Since  C.  is  also  included  in  the 
charging  time  constant  of  the  cir¬ 
cuit,  the  discharge  resistance  is  the 
only  simple  means  of  determining 
the  discharge  time  constai.t.  How¬ 
ever,  as  is  shown  in  Fig.  5A,  the 
input  impedance  of  an  emitter  fol¬ 
lower  is  directly  in  parallel  with  the 


large  value  of  the  discharge  resis¬ 
tor,  R,.  Since  the  r,  of  the  transis¬ 
tor  is  the  maximum  asymptotic 
value  of  the  input  impedance,  and 
for  a  normal  low-power  transistor 
this  value  may  be  in  the  order  of 
100,000  ohms,  the  discharge  re¬ 
sistance  can  have  a  maximum  value 
of  100,000  ohms.  A  practical  value, 
however,  is  above  several  megohms. 
Therefore  a  simple  emitter  follower 
stage  is  impractical  in  this  circuit. 

In  Fig,  5B,  a  Darlington  com¬ 
posite  emitter-follower  circuit  re¬ 
places  the  simple  emitter-follower 
stage  in  the  bootstrap  circuit.  The 
input  impedance  of  this  circuit, 
shown  with  no  compensation  of  any 
kind  and  in  its  simplest  form,  can 
be  as  high  as  several  megohms  and 
even  as  high  as  several  hundred 
megohms.*  This  type  circuit  is  sat¬ 
isfactory  over  a  restricted  tempera¬ 
ture  range. 

A  tube  version,  shown  in  Fig.  5C, 
covers  a  larger  temperature  range. 
However,  a  large  grid-leak  resistor 
is  used  and  an  appreciable  negative 
voltage  drop  could  occur  across  it 
as  a  result  of  grid-leak  current. 
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FIG.  5— Emittar  follower  used  for  bootstrap  swoop  circuit  (A)j  composite  emitter  fol- 
lowor  for  high  input  impedance  (3);  and  electron-tube  version  which  covers  larger 
temperature  range 
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Aluminum  Finishes 


Finishes  for  aluminum  will  protect  It  against  corrosion,  alter  its  resistivity, 
improve  its  solderability  or  change  its  color 

By  WALTER  E.  POCOCK,  Development  Engineer,  Allied  Research  Products,  Inc.,  Baltimore,  Md. 


Finishes  are  given  aluminum  used  in  electronics 
applications  to  improve  the  metal's  appearance,  cor¬ 
rosion  resistance,  surface  conductivity,  solderabil- 

TABLE  II— Specifications  for  Coatings  in  Table  I 

I  MIL-A-862.JA 
II  M1L-C-5.>41 

III  ASTM  8-2.53-53  (electroplating  on  aluminiiin); 

19788.  FCS114  (gold);  OQ-S-365  (silver);  ()Q-P-tl6 
(cadmium);  ()Q-Z-32.j  (zinc);  QQ-\-290  (nickel);  QQ-C- 
320  (cliromiiim);  Vin.r-C-114.36  (“gray”  chromium) 

IV  MII.,-C-1.>328A  (wash  primer);  MIL-P-6889.A  (zinc 
chromate  primer,  air  dry);  MIL-K-5358A  (wrinkle enamel); 
M 1 1.,-K- 1 5090B  ( light  gray  eituipment  enamel ) ; TT-K-489B, 
MII..-K-7729A  (glos.s  enamel);  TT-F)-.}27  (lusterless 
enamel);  \1IL-L-6806  (clear  lacquer) 


TABLE  III— D-C  Resistance  of  Coated  and  Uncoated 


Aluminum 

:  f  '  • 

Average  Resistance  (microohm-in’) 

Aluininiitii 

Before  Salt  Spray 

After  64  hrs  Salt  Spray 

Tr«*atm«‘nl 

(Average  of 

(Average  of 

75  readings) 

60  readings) 

Clean  Aluminiiin 

96 

6  09  X  10* 

Yellowi  Chromate 

/ 

•  -  •  A' 

Conversion  ('oat 

2,020 

3,370 

ity  and  wear  resistance.  Some  of  the  finishes  of 
interest  to  electronics  engineers  are  identified  and 
described  in  Tables  I  and  II. 

ANODIZING  —  An  abrasion-resistant  aluminum 
oxide  coating  of  high  electrical  resistance  is  formed 
when  aluminum  is  the  anode  in  an  electrolytic  bath. 
Baths  operated  below  room  temperature  produce 
hard  coatings.  Dyed  coatings  are  decorative  as  well 
as  protective. 

CHROMATE — Chromate  (chemical  dip)  conversion 
coatings  also  protect,  but  are  electrically  conduc¬ 
tive  as  shown  in  Table  III  and  Fig.  1.  Indications 
are  that  they  perform  better  as  pretreatments  for 
organic  finishes  than  anodic  oxides.  Differing  treat¬ 
ments  can  also  be  applied  to  zinc,  cadmium  and 
silver  plated  over  aluminum. 

ELECTROPLATING — Plating  other  metals  on 
aluminum  will  increase  solderability,  abrasion  re¬ 
sistance  or  improve  appearance.  Galvanic  corrosion 
of  aluminum  in  contact  with  cadmium  or  zinc-plated 
steel  can  be  reduced,  for  example,  by  plating  the 
aluminum  with  cadmium  or  zinc.  A  simpler  proce¬ 
dure  is  to  chromate  coat  the  aluminum,  cadmium 
plate  the  steel  and  chromate  coat  the  cadmium. 
The  aluminum-cadmium  potential  is  low. 

ORGANIC — Organic  coatings  are  many  and  varied. 
Some  of  the  more  common  types  are  listed  in  Ta¬ 
ble  1.  Cost  and  conditions  of  application,  such  as 
time  and  temperature  for  curing,  are  of  interest  as 
well  as  performance. 


2  4  6  e  10 

FREQUENCY  IN  MEGACYCLES 
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-  AFTER  SALT  SPRAY 
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FIG.  1— R-f  r«Mstanc«  of  aluminum.  Maximumt  and  minimumt  bafora  salt  tpray  axpotura  ora  shown  by  block  linos.  Rongos  oftar  644iour 
salt  spray  aro  shown  by  rod  shading 
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for  use  in  Electronics 


TABLE  I— Production  Methods  and  Application  Data  for  Aluminum  Finishes  Used  in  Electronics 


TYPE  OF  FINISH 
AND  PROCESS  DETAILS 


PROPERTIES,  ADVANTAGES, 
DISADVANTAGES 


I  ANODIZING 


(1)  V'apor  de(?rpa-'*e  when 
heavy  oils  and  grease  are  present 

(2)  Rinse 

(3)  Alkaline  clean 

(4)  Rinse 

(5)  Acid  dip  optional  depend¬ 
ing  on  alloy 

(6)  Rinse 

(7)  Anodize  10-60  minutes  in 
sulfuric,  chromic,  oxalic  acid,  etc., 
electrolyte 

Refrigeration  required  in  some 
cases 

(8)  Rinse 

(9)  Seal,  hot  water  or  dichro¬ 
mate 

(10)  Rinse 

(11)  Dry 


Hard,  abrasion-resistant,  corrosion-resist¬ 
ant,  resistant  to  organic  solvents,  acids  and 
alkalies 

Electrically  insulating.  Breakdown  volt¬ 
ages  of  100-1,000  volts  have  been  reported, 
depending  on  coating  thicknesses  and  pro¬ 
cess  conditions 

Good  Imse  for  organic  coatings 

Partial  or  multicolor  dyeing  process  adapt¬ 
able  for  lettering,  eU\ 

Heat-resistant,  but  subject  to  (Tazing  at 
high  temperatures 

Brittle,  susceptible  to  galvanic  corrosion  if 
coating  flakes  or  is  scratched  off 


II  CHROMATE  CONVER¬ 
SION  TREATMENTS 
(Iridite  Type) 

Steps  (1)  to  (6)  under  anodiz¬ 
ing 

(7)  Chromate  dip  10  seconds 
to  5  minutes  immersion  in  acid 
chromate  solution  at  room  tem¬ 
perature 

(8)  Rinse 

(9)  Dry 

Can  be  colored  by  dip  in  dye 
solutions  following  step  (8) 


Extremely  thin,  about  0.01  mil 
Resistant  to  corrosion,  resistant  to  organic 
solvents,  mild  acids  and  alkalies 

Electrically  conductive.  See  TaUe  2  and 
Fig.  1 

Good  base  fot  bonding  and  organic  coat¬ 
ings;  flexible,  weldable;  simple  to  process 
Relatively  low  in  abrasion  resistance;  heat- 
remstant,  but  subject  to  loss  of  corrosion  re¬ 
sistance  when  heated  above  200  F;  dyeaUe, 
but  dyes  have  low  liebt  fastness 


III  ELECTROPLATING 

Steps  (1)  to  (6)  under  anodiz¬ 
ing 

(7)  Immerse  30-60  seconds  in 
zincate  (alkaline  zinc)  solution 

(8)  Rinse 

(9)  Electroplate  in  conven¬ 
tional  bath 

(10)  Rinse 

(11)  Chromate  conversion  dip 
(for  cadmium,  zinc  and  silver  only) 

(12)  Rinse 

(13)  Dry 


Copper-silver-gold;  tarnish  and  corrosion- 
resistant;  retains  high  degree  of  solderability 
Copper-silver:  solderable,  conductive;  with 
chromate  conversion  (XMiting  (Iridite  18-P, 
Allied  Research  Products),  has  reduced  sus¬ 
ceptibility  to  tarnishing,  retains  solderability 
Cadmium  or  zinc  with  chromate  conversion 
t'oating;  corrosion-resistant  and  conductive 
Cadmium  with  clear  conversion  coating; 
retains  solderability  and  conductivity 

Chromium:  abrasion-resistant,  conductive 


IV  ORGANIC  FINISHES 

Cleaning  by  solvents  or  by 
steps  (1)  to  (4)  under  anodizing 
are  usually  the  minimum  pretreat¬ 
ment  required 

Anodizing  or  chromate  con¬ 
version  treatments  are  advisable 
as  pretreatments,  to  give  maxi¬ 
mum  corrosion  resistance  at  the 
organic  coatings 


Protection  against  corrosion;  electriezdiy 
insulating;  varying  resistance  to  organic  sol¬ 
vents,  acids,  alkalies  and  thermal  decomposi¬ 
tion 

Clear  lacquers:  enhance  corrosion  resist¬ 
ance  and  give  moderate  abrasion  resistance; 
useful  for  protecting  lettering  on  panels, 
chassis,  etc. 

Wash  primers  and  conventional  zinc  chro¬ 
mate  primers:  im|Move  corrosion  resistance 
and  bonding  of  topcoats 


TYPICAL  APPLICATIONS 
IN  ELECTRONICS 


For  abrasion  resistance  and  corrosion 
resistance  when  conductivity  is  not  re¬ 
quired;  housings  on  small  control  motors 

As  a  dielectric  on  capacitor  plates  and 
foil 

Panels  and  otlier  exposed  parts,  for 
appearanL«;  black  and  other  colors;  dials 
and  name  plates 

As  pretreatment  for  organic  finishes 


V 


Parts  requiring  corrosion  resistance  and 
ccMiductivity,  chassis,  wave  guides 

As  pretreatments  for  organic  finishes, 
particularly  where  exterior  is  to  be  painted 
and  grounding  is  required  on  interior 
Color-coding  washers,  connectors  and 
other  parts 

To  give  additional  galvanic  (orrosioa 
protection  to  plated  aluminum  in  contact 
with  other  metals 


Copper-silver-gold  and  copper-silver: 
parts  requiring  high  conductivity  and 
solderability,  chassis,  waveguides,  con¬ 
nectors 

Cadmium  and  zinc:  see  text 
Copper-nu-kel-chromium :  surfaces  re¬ 
quiring  abrasion  is'sistams*  and  conduc¬ 
tivity,  telescoping  antennae;  for  appear¬ 
ance  hardware  ■* 

Copper-nickel:  for  appearance 


For  appearance  and  corrosion  resistance 
where  conductivity  is  not  required;  struc¬ 
tural  parts,  panels,  cebinets  and  hardware 
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Four  Transistor  Inverter 

Direct-current  motors  used  in  low-pressure  or  explosive  environments  can  be 
replaced  with  induction  motors  by  employing  transistors  as  controlled  switches 
to  provide  two-phase  square-wave  output  from  single  d-c  source.  Inverter  is 
also  applicable  to  hysteresis-synchronous  motors  in  situations  where  constant 
speed  under  load  is  required 

By  W.  HOWARD  CARD, 

Dept,  of  Electrical  EnKlneering,  L.  C.  Smith  College  of  Engineering,  Syracuse  University,  Syracuse,  N.  T. 


CONVENTIONAL  D-C  MOTORS  are 
undesirable  in  some  applica¬ 
tions  where  only  a  d-c  source  is 
available.  In  low-pressure  environ¬ 
ments,  brushes  wear  rapidly,  while 
brush  sparking  presents  a  hre 
hazard  in  explosive  atmospheres. 
For  such  applications  a  two-phase 
induction  motor  driven  by  the  ex¬ 
perimental  transistor  inverter  to  be 
described  can  be  used  instead. 

The  two-phase  inverter  is  com¬ 
prised  of  two  almost  identical  sin¬ 
gle-phase  square-wave-output  in¬ 
verters  as  shown  in  Fig.  1.‘  ’  The 
two-single  pha.se  circuits  are  phase 
lucked  to  operate  in  synchronism 
and  phase  quadrature,  with  each 


inverter  driving  one  motor  phase. 
Source  voltage  E.  determines  the 
inverter  frequency  and  motor  phase 
voltages  that  control  motor  speed 
and  torque.  Since  frequency  and 
voltage  vary  together,  the  motor 
operates  at  nearly  constant  mag¬ 
netic  flux  density  regardless  of 
source  voltage. 

Components 

Feedback  transformers  T,  and  T, 
are  toroidally  wound  on  1-mil  tape 
Deltamax  cores,  with  the  turns 
ratio  chosen  to  switch  the  transi- 
sistors  either  on  or  off. 

Cut  4-mil  tape-wound  C-cores  are 
used  in  output  transformers  T,  and 


Tt.  Though  autotransformer  con¬ 
nections  are  shown,  the  motor 
phases  may  be  connected  to  sepa¬ 
rate  secondaries.  To  match  the  rat¬ 
ings  of  the  motor  used,  one  motor 
phase  is  connected  across  half  the 
turns  of  T,. 

There  must  be  close  coupling  be¬ 
tween  N,  and  N',  of  T,  and  T,  since 
energy  stored  in  the  transformer 
leakage  reactance  is  mostly  dissi¬ 
pated  in  the  transistor  when  it  is 
turned  off.  To  improve  coupling  iV, 
and  N',  are  wound  simultaneously 
by  feeding  wire  off  two  spools. 

Switching  Effects 

Inductive  loads  such  as  motors 
usually  require  diodes  connected 
across  the  transistors  as  shown,  to 
carry  the  inductive  load  current 
during  .switching.  In  this  way, 
stored  energy  in  the  motor  magnetic 
field  is  not  dissipated  in  the  tran¬ 
sistor,  but  instead,  is  returned  to 
the  source.  The  motor  pha.ses  cannot 
be  tuned  with  capacitors  as  this 
prevents  the  transistors  from 
switching  rapidly  and  greatly  in¬ 
creases  transistor  average-power 
dissipation. 

Operation  at  the  rated  motor  fre¬ 
quency  of  400  cps  with  a  23-v 
source  results  in  a  46-v  peak  collec- 
tor-to-emitter  voltage  that  is  within 
the  transistor  ratings.  Neglecting 
losses,  the  voltage  across  N„  N\  is 
a  46-v  square  wave,  which  has  a 
fundamental  component  of  (46) 
(4/7r)  (0.707)  =41.5  V  rms. 

Both  output  voltage  e.,  and  feed¬ 
back-transformer  voltage  e,t  are 
square  waves. 


FIG.  1— Twe-phoM  tquara-wav*  invartcr  drivat  two-phoM  induction  motor 
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Drives  Induction  Motor 


FIG.  3— Maotwrad  torqua  at  a  function  of 
tpaad  for  drivan  invorlar  tarvo  motor. 
Supply  voltogo  fa  tati  invartor  froquoncy 
and  dotarminot  motor  tpaad  and  torqua 


Satup  maoturot  motor  torqua  with  tpring 
tcalat  and  motor  tpaad  with  Strobotoc. 
Exparimantol  two-photo  trantittor  invartor 
it  at  right 


The  slave  inverter  is  the  same  as 
the  master  inverter  that  sets  the 
system  frequency,  except  that  a 
fraction  of  the  master  voltage  is 
added  into  the  slave  feedback- 
transformer  circuit.  Slave  inverter 
output  voltage  e„  is  a  square  wave, 
but  the  slave  feedback-transformer 
voltage  has  the  stepped  waveform 
Bn  as  shown. 

With  the  two  inverters  operating 
in  syqchronism  and  quadrature,  the 
average  voltage  applied  to  the  slave 
feedback  transformer  is  the  same 
as  for  the  master.  Since  the  two 
feedback  transformers  have  identi¬ 
cal  cores  and  equal  total  turns,  the 
conditions  for  synchronous  and 
quadrature  operation  are  fulfilled. 

Phase-Locking  Scheme 

Operation  in  phase  quadrature  is 
self-stabilizing.  If  the  slave  inverter 
tends  to  run  ahead,  the  phase  angle 
between  master  and  slave  changes 
to  lower  the  average  voltage  applied 
to  the  slave  feedback  transformer. 
Thus  the  slave  slows  down.  Simi¬ 
larly,  if  the  slave  inverter  runs 
slowly,  its  feedback  voltage  is 
boosted  to  speed  it  up. 

To  obtain  good  quadrature  opera¬ 
tion  over  a  wide  range  of  source 
voltage,  the  square-loop-core  feed¬ 


back  transformers  should  be  closely 
balanced  so  that  they  have  the  same 
volt-second  areas. 

With  the  circuit  values  shown, 
the  system  will  not  operate  with  a 
Source  voltage  leas  than  5  v  because 
the  feedback  is  not  sufficient  to 
switch  the  transistors  thereby  pro¬ 
ducing  the  output  square  wave. 

Performance 

Figure  2  shows  the  speed-torque 
curves  obtained  when  the  inverter 
drives  a  small  two-phase  drag-cup 
servo  motor.  Both  no-load  speed 
and  stall  torque  are  nearly  linear 
functions  of  the  d-c  source  voltage, 
hence  behavior  somewhat  resembles 
that  of  a  separately  excited  d-c 
motor. 

Square-wave  drive  has  some  dis¬ 
advantages  for  driving  an  induction 
motor*.  The  fifth  and  ninth  har¬ 
monics  of  the  square  wave  help  the 
fundamental  produce  forward 
torque,  but  the  third,  seventh, 
eleventh  harmonics  contribute  re¬ 
verse  torque.  The  net  result  is  at 
most  a  11.5-percent  decrease  in 
output  torque  compared  with  that 
obtainable  using  the  fundamental 
frequency  alone. 

Another  detrimental  factor  is 
that  the  square-wave  voltage  har¬ 


monics  contribute  to  extra  motor 
heating,  amounting  at  most  to  22 
percent.  Because  of  this  reduced 
torque  and  increased  heating,  a 
motor  must  be  derated  by  a  given 
small  amount  when  used  with 
square-wave  rather  than  sinusoidal 
drive. 

Results 

All  the  experimental  results 
were  obtained  using  a  high  rotor- 
resistance  induction  motor  (servo 
motor).  The  drive  should  also  be 
useful  for  low-rotor-resistance  in¬ 
duction  motors  and  hysteresis- 
synchronous  motors  when  nearly 
constant  speed  under  load  is  de¬ 
sired. 

The  author  gratefully  acknowl¬ 
edges  the  support  for  this  research 
received  from  the  National  Re¬ 
search  Council  of  Canada,  The 
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Tv  Sound  Detectoi 

Drift-transistor  slope  detector  operating  in  an  oscillating  mode  gives  superior 
performance  compared  with  passive  detector  in  a-m  rejection,  audio  recovery 
and  linearity  at  low  signal  levels.  At  larger  signal  levels,  performance 
equivalent  to  a  passive  detector  is  obtained 

By  MARVIN  METH*,  Member  Technical  Staff,  RCA  Laboratories  DIv.,  Industry  Service  Laboratory,  New  York,  N.  Y. 


Design  of  a  transistorized  tv 
receiver  requires  an  efficient, 
low-cost  sound  strip.  The  cir¬ 
cuitry  described  uses  an  efficient, 
higrhly  sensitive  oscillating  linear- 
slope  detector,  injection  locked  by 
a  one-stage  sound  driver.  The 
combination  of  sound  driver  and 
detector  is  capable  of  overdriving 
the  output  audio  amplifier  when 
driven  from  the  first  video  ampli¬ 
fier. 

By  operating  in  an  oscillating 
mode,  detector  threshold  level  is 
reduced,  a-m  rejection  is  uniformly 
high  over  the  full  detector  band- 
,  width  and  audio  output  is  main¬ 
tained  at  a  constant  level  inde¬ 
pendent  of  carrier  strength. 

Detector 

A  2N247  drift  transistor  func¬ 
tions  as  a  slope  detector  in  an  os¬ 
cillating  mode.  Oscillations  are 
maintained  by  collector-to-emitter 
feedback  through  an  overcoupled 
double-tuned  circuit  as  shown  in 
the  right  half  of  Fig.  1.  The  oscil¬ 
lator  is  injection  locked  to  the 
sound  signal  which  is  applied  to 
the  base  electrode  by  the  driver 


stage  through  an  impedance¬ 
matching  network.  Detected  audio 
appears  across  the  10,000-ohm  col¬ 
lector  resistor  and  is  obtained  at 
r-f  ground  of  the  primary  winding. 
Required  forward  bias  is  obtained 
by  bleeding  current  from  the  col¬ 
lector  into  the  base  through  two 
series-connected  resistors  bypassed 
at  their  junction  to  prevent  audio 
and  r-f  degeneration. 

Collector  characteristics  of  drift 
transistors  differ  from  conven¬ 
tional  bipolar  transistors,  as  shown 
in  Fig.  2.  Note  that  for  negative 
collector  voltages,  the  zero-bias 
characteristic  of  the  drift  tran¬ 
sistor  is  similar  to  that  of  con¬ 
ventional  units.  For  positive  volt¬ 
ages  applied  to  the  collector  of  a 
pnp  transistor,  the  collector  acts  as 
an  emitter  and  the  emitter  as  a 
collector.  The  applied  voltage  is  a 
reverse  voltage  for  the  emitter 
junction. 

Symmetrical  Breakdown 

Grading  of  the  base  layer  of 
drift  transistors  is  in  such  a  sense 
as  to  produce  breakdown  of  the 
emitter  junction  for  relatively  low 


voltages.  Three  to  five  volts  is  a 
typical  value.  Breakdown  of  the 
emitter  junction  is  reflected  in  the 
collector  as  a  large  increase  in  cur¬ 
rent.  The  low  breakdown  voltage 
shown  in  the  first  quadrant  of  Fig. 
2  will  be  referred  to  as  symmetrical 
breakdown. 

Positive  peaks  of  the  collector 
voltage  are  clamped  at  the  sym¬ 
metrical  breakdown  level.  Time 
constant  of  the  clamp,  which  is  in 
the  decoupling  network,  corre¬ 
sponds  to  at  least  20  r-f  cycles.  Col¬ 
lector  current  adjusts  to  maintain 
a  sinusoidal  voltage  waveform  at 
the  collector  electrode.  Positive 
excursions  of  the  collector  wave¬ 
form  are  held  at  the  symmetrical 
breakdown  level.  Negative  excur¬ 
sions  are  limited  by  the  available 
collector  voltage. 

Driving  Impedance 

The  average  collector  current 
and  oscillator  amplitude  are  a  func¬ 
tion  of  the  collector-circuit  imped¬ 
ance  and  the  coupling  coefficient 
of  the  transformer.  The  link  is  a 
convenient  means  for  obtaining  a 
sufficiently  low  driving  impedance 
for  efficient  coupling  between  the 
collector  and  the  emitter. 

The  double-tuned  coupling  ar¬ 
rangement  restricts  oscillator  op¬ 
eration  to  either  the  positive  or 
negative  slope  of  the  impedance 
characteristics  of  the  collector  tank 
circuit.  This  action  prevents  ex¬ 
cessive  distortion  which  would 
arise  from  a  slope  reversal.  As¬ 
sume  that  the  collector  and  emitter 

•  Now  with  Department  of  Electrical  Engi¬ 
neering,  City  College  of  New  York 
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FIG.  2— Zsre^iot  choractariftics  for  o 
drift  and  convantional  pnp  trontistor 


tank  circuits  are  resonant  at  the 
same  frequency  /„  A  signal  of 
frequency  f,  would  experience  a 
90-deg  phase  shift  in  passing 
through  the  coupling  network.  The 
direction  of  phase  shift,  either  lead 
or  lag,  is  dependent  on  the  link 
polarity. 

Injection  Locking 

The  oscillator  is  injection  locked 
to  the  sound  signal  which  is  ap¬ 
plied  to  the  base  electrode.  Nat¬ 
ural  frequency  of  the  oscillator  /, 
is  set  equal  to  the  carrier  fre¬ 
quency.  Deviations  of  the  signal 
about  the  carrier  frequency  are 
followed  by  the  oscillator. 

The  oscillator  will  assume  the 
frequency  of  the  injected  signal  if 
two  conditions  are  met.  First,  the 
circuital  phase  requirement  for  self- 


FIG.  3— Impadanc*  of  tha  colkcter  lank 
wh«r«  fi  and  fa  or*  tynchronixin9  rang* 


oscillation  at  the  injected  frequency 
must  be  satisfied.  Second,  the  in¬ 
jected  power  level  must  be  greater 
than  a  minimum.  The  synchroniz¬ 
ing  range  is  restricted  to  those  fre¬ 
quencies  for  which  the  coupling  net¬ 
work  introduces  less  than  90  deg  of 
additional  phase  shift  relative  to 
the  shift  at  the  natural  oscillat¬ 
ing  frequency.  The  synchronizing 
range  is  restricted  to  either  the 
positive  or  the  negative  slope. 

Figure  3  shows  the  collector  tank 
impedance  for  a  circuit  where  the 
link  polarity  corresponds  to  syn¬ 
chronization  on  the  positive  slope. 
Frequencies  /,  and  /,  are  the  limits 
of  the  synchronizing  range  for  a 
given  injected  power  level. 

Two  restrictions  are  imposed  on 
the  collector  voltage  swing.  Posi¬ 
tive  peaks  are  clamped  at  the  sym¬ 


metrical  breakdown  level.  The  av¬ 
erage  value  is  set  by  the  effective 
collector  voltage.  The  clamping 
time  constant — approximately  10 
fisec — is  made  fast  enough  to  follow 
the  amplitude  variations  encoun¬ 
tered  in  the  application.  As  a  result, 
the  dynamic  and  static  limiting 
characteristics  can  be  considered 
similar. 

Ability  of  the  detector  to  reject 
amplitude  variations  is  not  de¬ 
pendent  on  the  injected  signal  pro¬ 
viding  the  injection  is  of  sufficient 
level  to  lock  the  oscillator  for  full 
carrier  deviation.  If  the  injection  is 
below  this  threshold,  the  a-m  rejec¬ 
tion  will  be  maintained  only  over 
the  synchronizing  range.  Beyond 
this  range,  the  output  contains  the 
beat  between  the  injected  and  the 
oscillator  signal.  Also,  for  signals 
in  excess  of  the  threshold  level,  the 
audio  output  is  maintained  constant 
independent  of  carrier  level. 

Driver  Stage 

Maximum  power  transfer  be¬ 
tween  the  sound  takeoff  and  the  de¬ 
tector  stage  is  provided  by  the 
driver  for  signals  below  the  limit¬ 
ing  threshold.  Signals  that  would 
otherwise  overload  the  detector  are 
limited  symmetrically  to  maintain 
a  constant  injection  into  the  detec¬ 
tor.  Limiting  action  is  rapid  enough 


FIG.  4 — A-m  rajactiofi  at  a  function  of  tignol  kval  to  tho  drivor  FIG.  S— Otcillotor  pvIMn  charoctaritlkt 
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FIG.  6— Parformonc*  etcillogramt  (top 
to  bottom)— signal  lovol  to  drivor,  1.S  mv, 
10  mv  and  30  mv;  f-m,  25  kc  at  50  cpt, 
50  kc  at  50  cps  and  50  kc  at  50  cps; 
o-m,  30  porcont  at  400  cps  for  all  thro# 


to  respond  to  the  video  modulation 
of  the  sound  carrier. 

A  double-tuned  critically  coupled 
circuit  matches  the  driver  and  de¬ 
tector  stages.  The  primary  is  tapped 
to  provide  an  impedance  match  for 
the  neutralized  driver  stage.  A  sig¬ 
nal  of  opposite  phase  to  the  collec¬ 
tor  signal  is  available  at  the  second 
tap.  It  is  used  for  neutralization  of 
the  transition  capacity  in  a  conven¬ 
tional  feedback  arrangement. 

Biasing 

A  highly  degenerative  biasing 
scheme  fix-biases  the  transistor  at 
a  high  g„  point.  The  emitter  cur¬ 
rent  is  set  predominantly  by  the 
emitter  resistor,  bypassed  to  ground 
for  signal  frequencies,  and  by  the 
positive  supply  voltage.  Collector 
voltage  is  determined  by  the  nega¬ 
tive  supply  voltage  and  the  decoupl¬ 
ing  resistor. 

For  large  positive  swings  at  the 
base  of  the  driver,  the  transistor 
cuts  off.  For  large  negative  swings, 
the  transistor  is  driven  into  col¬ 
lector-voltage  saturation.  Quiescent 
conditions  are  proportioned  for 
these  effects  to  occur  for  equal  posi¬ 
tive  and  negative  swings.  This  ar¬ 


rangement  provides  the  desired 
symmetrical  clipping  of  the  input 
waveform. 

The  transistor  has  an  exponen¬ 
tial  transfer  characteristic  and  pro¬ 
duces  a  rectified  component  of  emit¬ 
ter  current,  reducing  the  forward 
bias  of  the  emitter  junction.  For 
large  input  signal  amplitudes, 
highly  modulated  by  the  video  in¬ 
formation,  the  driver  stage  can  be 
cut  off  during  the  sync  interval. 
This  condition  will  occur  only  if  the 
emitter  circuit  cannot  respond 
rapidly  to  the  required  shift  of  the 
quiescent  operating  point.  This  ef¬ 
fect  may  be  reduced  greatly  by  us¬ 
ing  a  larger  emitter  resistance.  As 
a  result,  rectification  efficiency  of 
the  emitter  junction  is  reduced. 

Another  technique  is  to  limit  the 
maximum  emitter  time  constant  to 
a  value  that  permits  bias  adjust¬ 
ments  at  a  horizontal  line  rate.  A 
4,700-ohm  emitter  resistor  bypassed 
with  a  0.022-#if  disk  capacitor  with 
leads  cut  and  coiled  for  resonance 
at  4.3  me  is  a  satisfactory  com¬ 
promise.  Incomplete  emitter  by¬ 
passing  introduces  0.6  db  of  nega¬ 
tive  feedback  at  4.5  me.  The  driver 
stage  can  follow  deep  modulation 
of  the  sound  signal. 

Circuit  Details 

The  schematic  diagram  of  the 
sound  strip  installed  in  a  commer¬ 
cial  chassis  is  shown  in  Fig.  1.  This 
circuit  shows  high-side  capacitance 
coupling.  But  mutual,  or  a  combina¬ 
tion  of  mutual  and  high-side  coupl¬ 
ing,  may  be  substituted. 

Detection  linearity  and  a-m  re¬ 
jection,  Fig.  4,  are  dependent  on  the 
coefficient  of  coupling  in  the  double- 
tuned  coupling  arrangement  of  the 
oscillator  loop.  A  coupling  factor  of 
1.5  times  critical  coupling  gives 
good  a-m  rejection  and  reasonably 
good  linearity.  Larger  values  of 
coupling  distort  the  detection  char¬ 
acteristic  S  curve;  smaller  values 
of  coupling  reduce  the  amplitude- 
modulation  rejection. 

Base  and  emitter  networks  are 
designed  to  suppress  spurious  os¬ 
cillations  arising  from  input-circuit 
feedback  due  to  high  input  capaci¬ 
tance  of  the  transistor.  Driving- 
point  impedances  of  these  networks 
have  been  designed  so  that  for  all 
frequencies  for  which  the  base  re¬ 
actance  is  positive,  the  emitter  re¬ 


actance  is  also  positive.  Conse¬ 
quently,  feedback  from  emitter  to 
base  is  degenerative  for  all  frequen¬ 
cies  and  stable  operation  results. 

The  detector  operates  in  an  oscil¬ 
lating  mode  over  the  full  range  of 
input  signals  provided  by  the 
driver.  The  holding,  or  lock-in, 
range  is  a  function  of  signal  level. 
Lower  limit  of  the  holding  range. 
Fig.  5,  corresponds  to  frequencies 
for  which  the  tank  impedance  is  too 
low  to  support  oscillations.  Theo¬ 
retically,  the  oscillator  can  follow 
positive  deviations  up  to  the  tank 
resonant  frequency.  Practically, 
these  limits  are  dependent  on  the 
maximum  power  capability  of  the 
driver. 

Performance  Results 

Overall  performance  is  illustrated 
best  with  the  oscillograms  of  Fig.  6. 
They  were  obtained  by  passing  a 
carrier  that  is  simultaneously  am¬ 
plitude-  and  frequency-modulated 
through  the  sound  strip  and  dis¬ 
playing  the  detected  output  with 
the  f-m  as  a  time  base.  These  oscil¬ 
lograms  indicate  that  a-m  rejection 
is  not  critical  to  center  tuning.  A-m 
rejection  characteristics  are  given 
for  30-  and  100-percent  f-m  where 
100-percent  modulation  corresponds 
to  25-kc  deviation. 

At  low  signal  levels  the  a-m  re¬ 
jection  is  20  db,  which  is  the  inher¬ 
ent  a-m  rejection  of  the  detector. 
This  rejection  increases  as  the 
driver  limits.  For  input  signals  of 
less  than  two  mv,  a-m  rejection  is 
still  high. 

Audio  recovery  is  75  mv  per  kc 
of  deviation,  independent  of  carrier 
level.  For  100-percent  modulation, 
the  detector  develops  an  open-cir¬ 
cuit  output  of  1.3-v  rms.  Maximum 
power  transferred  by  the  detector 
into  an  audio  load  is  10  dbm  and  is 
maintained  over  a  wide  range  of 
loading  centered  about  4,000  ohms. 

As  loading  varies  from  500  to 
25,000  ohms,  output  is  maintained 
within  three  db  of  the  maximum 
level. 

For  25-kc  deviation,  the  audio 
output  contained  from  2.5  to  3.5 
percent  of  rms  harmonic  distortion 
depending  on  center  tuning  and  on 
signal  level.  As  the  deviation  was 
increased  to  50  kc,  rms  harmonic 
distortion  increased  in  the  range  of 
four  to  five  percent. 
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Resistances  of  Dry  Cells 

Internal  resistance  of  dry  cells  depends  upon  conditions  of  use. 

Tables  give  resistances  of  typical  cells,  as  measured  by  new  method 


; 


National  Bureau  of  Standards  has  developed  a 
rapid,  nondestructive  technique  for  measuring  the 
true  internal  resistance  of  dry  cells.  It  determines 
how  internal  resistance  changes  as  the  cell  is  dis¬ 
charged  under  various  conditions. 

Test  results,  such  as  those  given  in  the  tables, 
show  that  increases  in  internal  resistance  depend 
on  the  type  of  discharge,  cell  size  and  variations  in 
manufacture.  Test  results  are  averaged  for  each 
group  of  cells.  Some  groups  did  not  survive  the 
life  tests. 

PROCEDURE — To  test,  a  pulse  generator,  a  re¬ 
sistor  of  known  value  and  the  test  cell  are  con¬ 
nected  in  series.  Leads  of  a  cro  are  connected  to  the 
cell  terminals.  As  a  train  of  pulses  is  applied  to  the 
cell,  the  instantaneous  internal  resistance  drop  is  re¬ 
corded  at  the  trailing  edge  of  the  pulse  on  the  oscil- 
liscope. 

Next,  the  oscilloscope  is  connected  across  the 
resistor,  the  internal  resistance  drop  is  noted  and 
the  current  through  the  resistor  is  calculated  from 
Ohm’s  law.  With  the  pulse  current  known,  the 
cell’s  resistance  is  calculated  by  applying  Ohm’s 
law  to  the  resistance  drop  in  the  cell  in  the  first 
measurement. 

Internal  resistances  obtained  by  this  method  do 
not  include  other  impedance  components.  Varia¬ 
tions  in  current  direction,  current,  frequency  and 
length  of  the  pulse  have  no  effect  on  the  measured 
internal  resistance. 

Life  tests  show  no  general  relation  between  in¬ 
ternal  resistance  at  the  beginning  and  end  of  any 
particular  test.  Short  circuit  current  increases  as 
internal  resistance  decreases.  Internal  resistance 
increases  on  discharge.  Internal  resistance  has  a 
slight  tendency  to  increase  at  the  highest  momen¬ 
tary  current  drains. 

LIFE — The  Bureau  is  investigating  whether  in¬ 
ternal  resistance  measurements  can  be  used  to 
determine  dry  cell  life  expectancy.  Variations  in 
cell  resistances  between  manufacturers  do  not  per¬ 
mit  a  general  formula,  according  to  the  Bureau. 
However,  specific  groups  of  cells  may  be  calibrated. 

The  test  method  was  developed  by  R.  J.  Brodd, 
of  the  Bureau’s  electrochemistry  laboratory.  Test 
results  are  considered  more  accurate  than  those 
obtained  through  previously  used  methods.  There 
is  no  NBS  standard  for  internal  resistance  of  dry 
cells. — G.S. 
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TABLE  I— Internal  Resistance  of  Fresh,  Undis«^^A 


Initial 

Open 

Circuit 

Short 

Circuit 

Oil 

Kesintanoe 

Voltaiie 

Current 

Groupe 

(ohms)  1 

(volta) 

(amp) 

D  1 

0.146 

1  58 

8  6 

D  2 

0  147 

1.6 

8  7 

D3 

0  152 

1.58 

7 

D4 

0  153 

1.61 

7.7 

D  5 

0.178 

1  59 

6  9* 

D6 

0  18 

1.57 

6.7 

D  7 

0  186 

1.64 

6  8 

D  8 

0  196 

1.61 

'  6.1 

C  1 

0  196 

1.59 

6  3 

..  C2 

*  C3 

0  271 

1.61 

5 

0  353 

1  62 

3.7 

AA  1 

0  167 

1.64 

4.1 

AA  2 

0.192 

1  56 

5  2 

AA  3 

0  232 

1  57 

4.7 

AA  4 

0  .379 

.1.58 

3  2 

6-1 

0  046.5 

1.64 

27.4 

6-2 

0  0318 

1.65 

.30  3 

6-3 

0  0.389 

1  59 

32  9 

TABLE 

II— Results  of  General  Purpose  Life  Tests 

on  Cells  Described  in  Table  1 

4-Ohm 

2.25-Ohm  Te*t 

Intermittent 

Final 

Final 

Time 

KeHistance 

Time 

Resistance 

Oil* 

(min) 

(ohma) 

(min) 

(ohms) 

D  1 

'.381 

0.7 

805 

0  5 

D2 

48(> 

1 

807 

-  • 

D3 

420 

16 

618 

— 

D  4 

318 

— 

873 

— 

D  5 

631 

l.S 

1014 

1 

D  6 

32:1 

0  8 

575 

— 

D  7- 

473 

0  7 

808 

0.9 

I)  8 

647 

— 

931 

1.2 

C  1 

407 

12 

C2 

468 

0  9 

C  3 

405 

1 

AA  1 

146 

0.5 

AA  2 

127 

0.6 

AA  3 

•  117 

0  8 

AA  4 

136 

0  6 

TABLE  III— Effect  of  Momentary  Current  Drain  on 
Internal  Resistance  {RJ  of  D,  C  and  AA  Cells 

D  Slase  OIU  C  Si*e  OIU  AA  Size  Oil* 


Drain 

Ri 

Drain 

R, 

Drain 

Ri 

(ma) 

(ohms) 

(ma) 

(ohma) 

(ma) 

(ohm*) 

0 

0.18 

0 

0.22 

0 

0.274 

1  54 

0  18 

1.52 

0.22 

1.42 

0  273 

15.4 

0  18 

15.1 

0.22 

14.1 

0.273 

32.4 

0.178 

32 

0.22 

29.6 

0.272 

149 

0  18 

146 

0  221 

133 

0.276 

.308 

0.18 

480 

0.225 

426 

0.282 

1,156 

0  186 

1,141 

0  23 
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Coincidence  Diodes  Gate 

Transistorized  electronic  switch  for  radar  indicators  uses  coincidence  diode  cir¬ 
cuits  to  switch  six  channels  in  each  coordinate  axis  of  a  scope  presentation. 
Amplitude  capability  is  1 20  v  with  an  accuracy  of  0.3  percent.  Device  oper¬ 
ates  over  wide  range  of  pulse  repetition  frequencies 


By  JOHN  B.  BEACH,  Cornell  Aeronautical  L.aboratory,  Inc.,  Buffalo,  N.  T. 


1  2  3  4  9  6  7  8 


8 


•B 


C 


-c 


FIG.  1— Woveformt  of  the  three  binary 
twitching  vohaget  required  to  twitch  8 
channel!  are  periodic  with  frequenciet 
4f,  7f  and  t,  retpectively 


472V  472V  +72V 


FIG.  2— Schematic  of  one  channel  of  co> 
incidence  circuit  uting  diodet 


An  electronic  switch  can  be 
,  used  to  present  markers  for 
aircraft  identification  on  a  radar 
plan  position  indicator.  The  switch 
should  have  hisfh  accuracy,  suffi¬ 
cient  voltage  swing  for  full  scale 
deflection,  and  capability  of  opera¬ 
tion  over  a  wide  range  of  radar 
pulse  repetition  frequencies.  A 
switch  having  these  characteristics 
has  been  constructed  on  printed 
circuit  boards  using  transistors  and 
diodes. 

Coincidence  of  binary  voltages 
supplies  gating  signals  for  the 
switch.  This  method  of  switching 
provides  2"  channels  where  n  is  the 
number  of  gating  voltages  having  a 
relationship  /,  2f  .  .  ,  2"'7  where  f 
represents  the  lowest  frequency 
square  wave  voltage.  For  certain 
applications  the  gating  voltages 
need  not  be  periodic  and  for  gen¬ 
erality  will  be  referred  to  as  binary 
voltages. 

Diode  Gate 

Combinations  of  n  binary  volt¬ 
ages  lead  to  2n  possible  conditions. 
The  binary  voltages  can  be  applied 
to  a  four-diode  gate*  through  coin¬ 
cidence  circuits.  The  result  will  be 
one  channel  of  a  switch  which  op¬ 
erates  for  only  one  of  2"  possible 
combinations  of  binary  voltages. 
With  n  =  3,  binary  voltages  A,  B 
and  C  (assumed  periodic  with  fre¬ 
quencies  4/,  2/  and  /  for  conven¬ 
ience)  appear  as  shown  in  Fig.  1. 

One  channel  of  the  switch  has  the 
circuit  of  Fig.  2.  If  all  binary  volt¬ 
ages  applied  to  diodes  D5,  D,  and  D^ 
are  positive,  these  diodes  experience 
reverse  polarity  and  do  not  conduct. 


FIG.  3— Wevtformt  thow  how  binary 
vohagtt  goto  twitch  for  thrat  input  tig- 
nolt.  Whtn  gotts  A,  B  and  C  art  poti- 
tivt,  chonntl  1  it  clottd.  Chonntl  2  con* 
duett  whtn  A  rtvtrttt  polarity.  All  potti- 
blt  logical  combinationt  rttuh  in  tight 
channtit 

Likewise,  if  negative  polarity  volt¬ 
ages  are  applied  to  D„  D,  and  D,„, 
these  diodes  do  not  conduct.  Under 
these  conditions,  £)„  Z)„  and  D, 

conduct  and  the  switch  presents  a 
closed  circuit. 

If  all  binary  voltages  applied  to 
diodes  Z),-„  D»  and  D,  are  not  positive 
and  all  binary  voltages  applied  to 
diodes  D.,  D.  and  D,o  are  not  nega¬ 
tive,  one  or  more  diodes  in  each 
group  conduct  and  consequently  di¬ 
odes  Di,  D„  Dt  and  Dt  experience 
reverse  polarity.  In  this  case,  the 
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DIODES 
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DIODES 


come 

DIODES 


COINC 

DIODES 


Electronic  Switch 


INPUT  gate  gen 


GATE  GEN 
2 

to  >  2f 


GATE  GEN 
3 

fo»f 


j _ K.  M _ 

COINC 

Jr— . 

V  w  w 

COINC 

Jr— 0 

_ w  ^  w 

COINC 

Jr— . 

COINC  J 

DIODES 

INPUT 

DIODES 

INPUT 

DIODES 

INPUT 

DIODES 

T  t  t 

-A-B  C 

t  t  t 

A  -B  C 

t  f  f 

-ABC 

t  t  t 

ABC 

Prinlcd  circuit  twitch  attumbly  shown 
mounted  on  ppi  equipment 


FIG.  4— Block  diagram  of  eight-channel  twitch  showing  logic  arrangement.  Gate 
ore  tcole-of-two  bistable  circuits 


switch  presents  an  open  circuit. 

Input  voltages,  binary  voltages 
and  the  output  are  plotted  as  func¬ 
tions  of  time  in  Fig,  3.  Eight  dif¬ 
ferent  combinations  of  voltages  A, 
B  and  C  are  possible,  each  condition 
corresponding  to  a  conducting 
channel. 

A  block  diagram  showing  the 
logical  design  of  the  switching  cir¬ 
cuit  is  shown  in  Fig.  4.  Each  binary 
gate  generator  supplies  binary  volt¬ 
ages  to  the  coincidence  diodes  and 


also  drives  the  following  binary 
gate  generator.  The  binary  gate 
generators  consist  of  scale-of-two 
bistable  circuits  followed  by  ampli¬ 
fiers. 

Voltage  Swing 

The  voltage  swing  available  from 
the  binary  gate  generators  must  be 
greater  than  the  highest  voltage 
swing  the  switch  is  required  to 
pass.  The  radar  indicator  for  which 
this  switch  was  designed  required 


-1-60  V  to  —60  V  for  full  scale  deflec¬ 
tion.  To  provide  a  gating  voltage 
safety  factor  the  amplifiers  provide 
145-v  peak-to-peak. 

A  circuit  diagram  of  the  ampli¬ 
fier-multivibrator  chain  which  pro¬ 
duces  the  gate  pulses  is  shown  in 
Fig.  6.  Type  953  transistors  were 
used  in  the  amplifiers  because  of 
their  high-voltage  capability.  Tran¬ 
sistor  Q,  operating  in  common- 
emitter  connection  is  driven  to  sat¬ 
uration  by  the  input  signal  from 


BINARY 

AMPL 


TO 

COINCIDENCE-^ 

DIODES 

-B  GATE 


BISTABLE 

MULTIVIBRATOR 

-58V 


BINARY 

AMPL 


+B  GATE 
TO 

COINCIDENCE 

DIODES 


ZOO/i/iF: 


:Z00Mr/iF 


TO 

-C  — H- 
6ATE 


INPUT  PULSE' 


gate  —  +I20V  K»X  1,000 

FIG.  S— Schomotic  of  ono  ckonnol  of  tbo  tix-cbonnol  twitch.  Forcod  rocycling  of  tho  twitch  through  diodot  Du,  Dit  and  Du  triggort  twitch 
bock  to  chonnol  1  oftor  chonnol  A  it  roochod 
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the  multivibrator.  Q,  in  turn  drives 
transistor  Q,  to  saturation.  Under 
this  condition  a  small  voltage  drop 
exists  across  each  transistor  and 
—73  V  is  obtained  at  the  output. 
When  the  phase  of  the  input  signal 
reverses,  both  transistors  Q,  and 
Qt  are  cut  off. 

Transistor  Q,  has  75  v  between 
emitter  and  collector  with  the  col¬ 
lector  at  approximately  —3  v. 
Transistor  Q,  also  has  76  v  from 
emitter  to  collector  with  the  col¬ 
lector  at  approximately  -1-72  v.  The 
result  is  a  gating  voltage  of  ap¬ 
proximately  145  V  peak  to  peak. 
Half  this  voltage  appears  across 
each  transistor.  Maximum  current 
through  both  transistors  is  about 
20  ma.  Power  dissipation  is  well 
within  maximum  rating. 

Switching  Channnels 

The  number  of  switching  chan¬ 
nels  can  be  reduced  from  2"  by  ap¬ 
plying  a  recycling  pulse  to  an  ap¬ 
propriate  bistable  circuit  at  the 


FIO.  6— OKillogromt  of  gating  vohogat 
for  six  chonnal  twitch  ar«  shown  in  (A), 
(B)  and  (C)  txhiU  (D)  shows  switch  out¬ 
put  with  input  from  morkor  gonorotor 


Appooronco  of  morkors  on  ppi  scepo. 
Morkort  along  odgo  indicoto  direction. 
Markers  with  dot  and  toil  represent  direc¬ 
tion  and  position  of  aircraft 

beginning  of  the  first  channel  to  be 
eliminated. 

For  example,  to  reduce  eight 
channels  to  seven  channels,  the 
combination  of  binary  voltages 
which  corresponds  to  channel  8  is 
selected.  According  to  Fig.  4,  this 
combination  is  —A,  —B  and  — C. 
These  signals  are  applied  to  a  co¬ 
incidence  circuit.  The  combination 
of  binary  voltages  necessary  to 
gate  channel  1  is  A,  B  and  C.  Com¬ 
parison  of  these  two  combinations 
reveals  that  all  binary  voltages  cor¬ 
responding  to  channel  8  must  be 
reversed  in  polarity  to  produce  the 
combination  corresponding  to  chan¬ 
nel  1.  To  accomplish  this,  the  out¬ 
put  of  the  coincidence  circuit  is  ap¬ 
plied  to  binary  generator  1  and  the 
chain  of  binary  generators  is  cycled 
to  the  combination  corresponding 
to  channel  1  when  channel  8  is 
reached. 

Coincidence  Circuit 

To  produce  a  six-channel  capac¬ 
ity,  binary  voltages  A,  —B  and  —C 
corresponding  to  the  seventh  chan¬ 
nel  are  selected  and  applied  to  a 
coincidence  circuit.  From  Fig.  4 
note  that  the  A  binary  voltage  is 
the  same  polarity  for  channels  1 
and  7.  The  output  of  the  coinci¬ 
dence  circuit  is  therefore  applied  to 
binary  gate  generator  2  reversing 
the  polarity  of  outputs  of  binary 
generators  2  and  3  when  channel 
seven  is  reached. 

Diodes  D„,  Da  and  D„  in  Fig.  5 
form  a  coincidence  circuit  which 
triggers  the  switch  back  to  the  com¬ 
bination  corresponding  to  channel 
1  when  the  switch  is  stepped  from 


channel  6.  If  these  three  diodes  are 
eliminated,  the  binary  gating  gen¬ 
erators  will  supply  gating  signals 
for  eight  switching  channels. 

Oscillograms  of  the  gating  volt¬ 
ages  are  shown  in  Fig.  6.  Note  that 
the  B  and  C  binary  voltages  are 
similar  but  shifted  in  phase.  Forced 
recycling  at  the  end  of  the  sixth 
channel  extends  the  B  binary  signal 
i  cycle  and  shortens  the  C  binary 
signal  i  cycle.  The  results  as  shown 
are  two  nonsymmetrical  voltages 
differing  in  phase.  The  recycling 
transient  appears  as  a  spike  on  the 
B  signal. 

Markers 

An  oscillogram  of  the  y-axis  out¬ 
put  of  the  switch  with  inputs  ob¬ 
tained  from  a  marker  generator  is 
shown  in  Fig.  6D.  Each  marker  oc¬ 
cupies  300  fisec.  One  hundred  fisec 
are  blanked  to  allow  transients  to 
die  out  in  the  display  equipment. 
The  indicator  is  intensified  during 
the  remaining  200  /isec.  The  second 
and  third  markers  shown  consist  of 
sweep  voltages  which  appear  as 
short  lines  on  the  radar  indicator. 
The  second  sweep  voltage  is  delayed 
in  order  to  produce  a  dot  marking 
position  at  the  head  of  the  marker. 
Five  markers  in  all  are  shown.  Sev¬ 
eral  normal  radar  sweep  periods  oc¬ 
cur  while  the  switch  is  on  the  sixth 
channel.  This  channel  has  its  in¬ 
puts  grounded  to  prevent  noise 
pickup  during  radar  sweep  cycles. 
Synchronizing  circuitry  operated 
by  a  pulse  received  from  the  coin¬ 
cidence  circuit  used  for  forced  re¬ 
cycling  insures  that  the  sixth  chan¬ 
nel  will  occur  during  radar  sweeps. 

Prototype  switch  accuracy  was 
within  ±0.3  percent  over  the  oper¬ 
ating  range.  Diodes  D„  Dj,  D,  and 
D,  of  Fig.  2  were  selected  to  have 
equal  forward  resistances.  If  non- 
selected  diodes  are  used  and  high 
accuracy  is  desired,  a  1,000-ohm 
potentiometer  should  be  connected 
between  D,  and  D,  to  balance  their 
resistances  with  the  input  on  the 
adjustable  tap. 

Accuracy  of  the  switch  is  also  de¬ 
pendent  on  the  accuracy  of  voltages 
-j-E  and  —E  (Fig.  2)  and  upon  pre¬ 
cision  of  resistors  B,  and  R,.  If  the 
power  supply  for  +E  and  —  E  is 
isolated  from  ground,  it  need  not 
be  well  regulated  and  B,  and  B.,  can 
be  replaced  by  a  single  resistor. 
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Armed  Forces 


The  VRC-12  Ground  Communications 
system  provides  narrow-band  FM 
communications  over  920  channels.  The 
unit  is  transistorized  and  miniaturized 
in  a  package  that  is  both  rugged 
and  light  in  weight. 


Crosley  engineering,  working  from 
initial  concept  to  the  final  phase 
of  manufacturing,  has  developed  many 
new  products  such  as  the  VRC-12. 


CROSLEY’S  COMPLETE  CAPABILITIES 


Years  of  experience  in  communications 
have  made  Crosley  a  name  that  is 
respected  for  both  commercial  and 
defense  business.  Crosley’s  latest 
contribution  to  communications  is 
the  VRC-12,  designed  for  use  in 
communicating  with  practically  every 
type  vehicle  used  by  the  Armed 
Services,  including  tanks,  jeeps,  ducks, 
airplanes,  helicopters  and  command  cars. 


If  Crosley’s  capabilities  fit  your  needs, 
write  to:  Vice-President,  Marketing- 
Defense  Products,  Crosley  Division, 
Avco  Manufacturing  Corporation, 
Cincinnati,  Ohio. 


Together  with  its  associated  Avco 
Divisions,  Crosley  provides  facilities 
and  personnel  for: 

•  Research,  development  and  engineering 
of:  communications,  air  traffic  control 
systems,  sonar,  infra-red,  radar,  fire 
control  systems,  telemetering,  automatie 
test  and  support  equipment,  ground 
handling  equipment  and  logistics. 


•  Production  and  manufacturing  for 
missiles  and  aircraft  systems. 


•  Weapons  system  management  from 
initial  concept  to  production. 


•LECTRONICS  REFERENCE  SHEET - 

Maser  Sensitivity  Curves 


Recent  interest  and  development  of  masers  and  low -noise  amplifiers  make 
these  useful  receiver  sensitivity  and  noise  figure  relationships  revealing 


By  A.  BRODZINSKY  and  A.  C.  MACPHERSON,  Naval  Research  Laboratories,  Washin^on,  D.  C. 


IN  EVALUATING  a  communica¬ 
tion  or  radar  system,  it  is 
desirable  to  arrive  at  a  con¬ 
venient  indication  of  the  sensi¬ 
tivity  of  the  receiving  system  to 
a  narrow-band  signal  imbedded 
in  white  noise  as  a  function  of 
the  noise  figure  of  the  receiver 
and  the  noise  temperature,  T,  of 
the  signal  source.  The  accom¬ 
panying  graph  furnishes  this  in¬ 
formation. 

Noise  figure,  F  describes  the 
noise  parameter  of  a  linear  re¬ 
ceiver  compared  to  a  noiseless 
system  for  which  F  =  \.  Recent 
emphasis  on  the  development 
and  use  of  super  low-noise  ampli¬ 
fiers  whose  noise  figures  are  close 
to  unity,  has  made  important  the 
evaluation  of  such  amplifiers 
under  various  operating  condi¬ 
tions.  The  system  designer  is 
fundamentally  more  interested 
in  overall  system  sensitivity,  S, 
than  in  the  receiver  noise  figure. 

Curves  shown  in  the  accom¬ 
panying  graph  represent  the 
formula  S  =  f  (F  -  1)  -|-  (T/ 
explained  on  the  chart. 
However  these  curves  do  not 
apply  to  a  radioastronomy  sys¬ 
tem  when  the  signal  is  itself  of  a 
whlte-noise-like  character. 

Application 

In  particular,  the  graph  shows 
that  any  receiving  system  whose 
signal  source  is  operating  near 
or  above  room  temperature,  T/ 
T,  ^  1,  has  a  limited  potential 
gain  in  sensitivity. 


For  example,  if  a  3,000-mc  sur¬ 
face  search  radar  system  (T/T. 
=  1)  has  a  receiver  noise  figure 
of  4,  then  a  gain  of  4  times,  or 


6  db,  in  sensitivity  is  the  most 
that  can  be  expected  by  going  to 
a  super-low  noise  preamplifier 
(F  =  1.01). 
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Five-Star  6829’s  Help  Guide  Atlas  ICBMs  to  Target 
6,325  Miles  Distant  And  into  Earth-Circling  Orbit! 


In  the  Atlas  satellite  shot,  Tyj)e 
682*)  was  used  for  many  ground- 
base  sockets  because  of  its  de[)enda- 
bility.  DC  and  pulse  life  tests  of 
hundreds  of  682*)’s  show  1,350,000 
tube  hours  with  no  defectives. 

With  high  perveance,  mu,  and 
transconductance,  plus  uniform,  con¬ 
trolled  cut-off,  the  6829  is  a  military 
tube  having  wide  usefulness.  Ask  any 
General  Electric  tube  office  on  the 
next  page  for  circuit  applications! 


High  reliability  of  General  Electric’s 
6829  twin  triode  was  a  factor  in  the 
historic  full-range  test  flight  of  Con- 
vair’s  U.S.  Air  Force  Atlas  missile 
November  28 — the  nose-cone  drop¬ 
ping  well  within  the  target  area. 

Ground  radio-command  guidance 
for  the  range  shot  used  6829’s  both 
in  computer  sockets,  and  for  general- 
purpose  triode  functions  such  as 
cathode-follower,  coincidence,  pulse- 
generator  or  amplifier,  and  gating. 


Low  noise,  high  gain,  exceptionally  of  the  tube  for  RF  amplifier  and 
small  size — these  qualities  of  Gen-  mixer  s«K-kets  in  their  new  military 
eral  Ele<  tric’s  7077  were  responsible  airborne  communications  equipment, 
for  Collins  Radio  Company’s  choice  Now  in  production,  Collins’  ad- 

_ _ _ _ _  vanced  system  meets  the  needs  of  the 

newest,  fastest  planes  berause  of  its 

New  5-Star  6688  Amplifier  -""7":;  '“P'.  >“77 

and  ability  to  stand  up  in  hard  serv- 

Pentode  Features  ice.  The  tough  metal-ceramic  con- 

High  Gm-to-Cap.  Ratio!  S'* 

to  the  AKC-52  s  ruggedness. 

Developerl  for  use  in  broad-band  IF 
amplifiers.  General  Electric’s  new 
high-reliability  6688  has  a  transcon¬ 
ductance  of  180  micromhos  jier 
microfarad  of  tube  capacitance 
(G„,  over  2  ir  v  Cjn  X  C„ut) ,  or  approx¬ 
imately  twice  that  of  Type  56SI/ 

6AK5.  Double  the  gain  bandwidth 
product  of  the  5f)!>l  may  therefore 
lie  anticipated  from  the  new  tube. 

Also  the  frame-grid  design  of  the 
new  6688  makes  possible  a  very  high 
Gn,-to-cathode-current  ratio.  This 
helps  produce  an  exceptionally  low- 
noise  grid-cathode  structure.  See 
next  page  for  information  on  the  per¬ 
formance  of  General  Electric’s  6688 
when  the  tube  is  triode-connected ! 


This  actiial-fiize  picture  of  the  G-K 
7077  shows  lhetri<Mle's  small  diiiirn- 
sions  —  «»nly  .4-1'  long  hy  .48'  wide. 
Kstreme  compactness  was  one  rea¬ 
son  (iollins  s(iecilied  Type  7077. 


Tear  off  and  keep  this  sheet  for  reference.  It  contains  useful  tuhe-application  data. 


New  Parameters  Help  Pinpoint  Tube  RF  Noise  Characteristics! 


Designer’s  Choice  of  Correct  Type  Made  Easier 
by  Curves  That  Show  Rtq  and  Gn 
as  Functions  of  Tube  Operating  Frequency! 

The  curves  at  right  enable  the  circuit  designer  to  analyze, 
in  advance,  the  noise  characteristics  (tf  a  triode  at  different 
frequencies  of  operation.  l  ype  6(>88,  triode-connected,  has 
heeii  cho8<'n  for  this  example. 

The  equivalent  parameters  employed — R„,  and  Go — are 
based  on  recent  work*  on  the  specification  of  tubes  at  high 
frequencies.  The  fundamental  circuit  is: 


NOISELESS 

AMPLIFIER 

OR 

FOUR-POLE 

NETWORK 


(R«q  ii  the  equiv¬ 
alent  series  shot- 
noise  resistance. 
Gn  is  the  equiv¬ 
alent  shunt  noise 
conductance.) 


The  value  R„,  already  is  familiar  as  the  term  for  shot-noise 
resistance,  and  describes  the  relative  amount  of  shot-noise 
voltage  present  in  the  tube.  G„  is  a  comparatively  new  term. 
G„  may  he  assumed  to  he  equal  to  five  times  transit-time 
conductance,  a  familiar  value. 

Req  is  essentially  constant  over  a  tube’s  useful  frequency 
range,  while  (i„  varies  directly  with  frequency  squared.  In 
the  light  «d'  these  facts,  simple  equations  can  lie  written  for 
minimum  noise  figure  and  optimum  source  resistance: 


1=  1  +  2  I,  \  Req  Gn 


R-pt=  j; 


6688  NOISE  PERFORMANCE 
(TRIODE  CONNECTED) 


— wher*  fx  it  frequency  at  which  noise  figure  and  op¬ 
timum  source  resistance  are  desired,  and  fo  it  fre¬ 
quency  at  which  the  value  of  G„  hat  been  measured. 

At  lower  right  are  values  of  R.^  and  G„,  as  measured  on 
commercially  available  samples,  for  most  of  the  popular 
high-frequency  tube  types.  From  these  values,  the  noise 
characteristics  of  any  type  listed  can  easily  be  determined 
and  charted.  Ask  any  General  Klectric  receiving-tube  office 
listed  below  for  additional  facts! 

*  Rotha,  H.,  and  Dahik.,  W.,  "Th.ory  of  Noisy  Fourpol.s", 
PROCEEDINGS  OF  THE  I.R.E.,  Vol.  44  fJuna,  1956)  pp  8M-8I8. 


50  too  200  500 

_ frequency  in  megacycles  (f) _ 

MEASURED  VALUES  OF  R..  AND  G, 


Tube  type 

R,q  (ohms) 

Gn  at  90  me 

Military  and  Industrial: 

(micromhos) 

6201 

600 

320 

6688 

120 

1160 

7077 

350 

140 

Entertainment: 

6AM4 

260 

600 

6AN4 

250 

550 

6BC4 

260 

540 

6BC8 

600 

320 

6BK7-A 

240 

520 

6BN4 

420 

390 

6BQ7-A 

435 

290 

6BZ7 

490 

350 

6CE5 

650 

1200 

2CY5 

525 

640 

PC86 

170 

710 

NOTE:  pentodes  are  connected  os  friodts. 


For  further  information,  phone  nearest  office  of  the  G-E  Receiving  Tube  Department  below: 

EASTERN  REGION  CENTRAL  REGION  WESTERN  REGION 

200  Main  Avenue,  Clifton,  New  Jersey  3800  North  Milwaukee  Avenue  11840  West  Olympic  Boulevard 

Phonest  (Clifton)  GRegory  3-6387  Chicago  41,  Illinois  Los  Angeles  64,  California 

(N.Y.C.)  WIscansin  7-4065,  6,  7,  8  Phone:  SPring  7-1600  Phones:  GRanite  9-7765;  BRodshaw  2-8566 

Tigress  k  Our  Most  Important  P^oefuef 

GENERAL^  ELECTRIC 


Silicone  Sponge  Rubber 

remains  flexible  at  extreme  temperatures 
-100®  F  to  500®  F 


COHRIastic  R-10470  silicone  sponge  rubber  has  a  dense, 
uniform,  non-absorbing  closed  cell  structure,  highly  suit¬ 
able  for  soft  gasketing,  vibration  dampening,  fairing  strips, 
seals,  pads,  bumpers,  dynamic  cushions  and  other  applica¬ 
tions  where  resiliency  at  extreme  temperatures  is  required. 
It  has  superior  compression  set  resistance,  excellent  die¬ 
lectric  properties,  immunity  to  aging,  ozone  and  weather 
hardening  and  good  chemical  resistance  —  non-sticking, 
odorless,  non-corrosive. 

COHRIastic  R-10470  can  be  bonded  to  metals,  plastics, 
fabrics  or  silicone  rubber.  Sheets  24"  x  24"  and  in  thick¬ 
nesses  1/16"  through  1/2"  are  available  from  stock.  Larger 
sizes  up  to  30"  x  30"  and  special  molded  and  extruded 
shapes  are  made  to  order.  CHR  silicone  sponge  rubber  is 
sold  nationally  through  distributors. 

FREE  SAMPLES  and  folder  —  write,  phone  or  use  inquiry  service. 


COHRIastic  R-10470 
Silicone  Sponge  Rubber 

SPCCiriCATIONSi 

COHRIastic  R-10470  meets  many  specifica¬ 
tions.  Some  are  listed  below: 

AMS  3195 
AMS  3196 
MIL-R-6130A  type  2 
Boeing  BMS  1-23 
Martin  MCI  4546 
Martin  MB  6130 
Bendix  ES  0709 
Douglas  DMS  1597 
Lockheed  LAC  1-924 


SROPCRTIES 


Tensile 
Elongation 

Water  absorption  3-6%  10%  max. 

(Immersion  24  hrs.  @  7S*F.) 

Density,  Ibs./cu.  in.  .020-.030  .030  max. 

(firm) 

.013-.018  .020  max. 

(medium) 

Low  temperature  brittleness 
(3  hrs.  @-100‘F.,  No  No 

bend  flat)  cracking  cracking 

Compression  deflection  (compreued  to  73%  of 
original  thickness) 

Room  temperature 

Type  firm  12-18  psi  12  min.- 

range^  20  max.  psl 
Type  medium  8-14  psi  6  min.- 

range^  14  max.  psi 

— 63*F.  pet.  difference 

-10%  to  +13%» 

212*F.  pet.  difference 

-1-3%  to  -f-10%» 

Compression  set  (compressed  to  30%  of  original 


Range  of  typi¬ 
cal  properties 
C()HRIastic 
R-10470 


Typical 

accepted 

standards 


30-130  psi  40  psi,  min. 
173-223%  123%  min. 
3-6%  10%  max. 


.030  max. 
.020  max. 


No 

cracking 


12  min.- 
20  max.  psl 
6  min.- 
14  max.  psi 


thickness) 

22  hrs.  @  70*F 

0-3% 

10%  max. 

Soi 

40%  max. 

22  hrs.  @  -63*F 

(medium)^ 

0-5% 

10%  max. 

(firm)t 

5-30% 

40%  max. 

22  hrs.  @>  212»F 

(medium)^ 

10-23% 

30%  max. 

(firm)t 

20-30% 

60%  max. 

1  ASTMD1036-36T 

(medium)^ 

CHR  products  Includst 

COHRIastic  Aircraft  Products— ^/r/ram« 
and  engine  seals,  firewall  seals,  coated  fabrics 
and  ducts 

COHRIastic  Silicone  Rubber  Products  — 
Silicone  rubber  molding  and  extrusions,  sill‘ 
cone  rubber  sheets,  silicone  sponge  rubber 
Temp-R-Tapes  —  Pressure  sensitive,  thermal 
curing  Teflon  and  silicone  tapes 
Allied  Products  —  COHRIastic  sillcont 
cements  and  conductive  gasketing 


Leader  In  Fabrication  of  Silicone  Rubber 


CONNECTICUT  HARD  RUBBER  COMPANY 


Main  Office:  New  Haven  9,  Connecticut 
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RESEARCH  AND  DEVELOPMENT 


Recorder  Finds  Heart  Faults 


Small  operating  theater  at  the 
National  Heart  Hospital,  London, 
is  equipped  to  examine  a  patient 
rapidly  for  a  variety  of  heart  de¬ 
fects.  Key  to  the  diagnosis  is  an 
industrial  strip-chart  recorder. 

Success  of  the  tests  depends  on 
tracing  a  fast-changing  variable 
over  a  period  of  a  few  seconds.  Em¬ 
phasis  in  the  measuring  system  is 
on  accuracy  and  speed  of  response 
without  overshoot.  The  high-speed 
recorder,  which  operates  on  the 
continuous-balance  potentiometer 
principle,  is  designed  to  register 
full-scale  travel  (one  millivolt)  in 
one  second.  A  special  amplifier  pro¬ 
vides  sufficiently  fast  response,  and 
overshoot  is  reduced  by  an  adjust¬ 
able  damping  circuit. 

The  system  records  continuously 
concentration  of  injected  dye  as  it 
circulates  through  the  bloodstream. 
As  well  as  providing  a  measure  of 
cardiac  output  in  litres  per  minute, 
the  curves  on  the  recorder,  supplied 
by  Honeywell  Controls  Ltd.,  give 
specialists  vital  information  at  a 
glance. 

Dye  is  injected  in  the  patient’s 
arm  and  carried  around  the  blood¬ 
stream  until  it  becomes  so  diluted 


that  the  dye  concentration  reaches 
a  uniform  low  level.  During  dilu¬ 
tion,  which  lasts  about  12  sec,  dye 
concentration  is  continuously  moni¬ 
tored.  This  is  done  by  passing  a 
beam  of  filtered  light  through  the 
lobe  of  the  patient’s  ear  to  a  photo¬ 
electric  cell.  Variations  in  dye  pres¬ 
ent  in  arterial  blood  cause  changes 
in  cell  output.  This  voltage  is  fed 
to  the  recorder. 

When  a  quantitative  analysis  is 
required,  the  same  principle  is 
used,  but  the  earpiece  is  replaced 
by  a  cuvette,  which  draws  arterial 
blood  from  the  upper  arm  through 
a  transparent  tube.  Blood  through 
the  tube  is  monitored  as  before, 
and  the  cell  voltage  recorded. 

Normal  Reaction 

About  seven  seconds  after  the  in¬ 
jection,  a  wave  front  of  high  dye 
concentration  passes  the  measuring 
point,  causing  a  sudden  large  rise 
in  the  recorder  reading.  The  peak 
dies  away  rapidly  and  is  followed 
by  a  second  smaller  peak  when  the 
wave  front,  now  much  diluted, 
passes  through  the  ear  a  second 
time.  The  dye  concentration  then 
decreases  slowly  to  a  low  constant 


Shaker  Tests  Space  Parts 


U.  S.  Army  Signal  R*«*arch  and  DavelopmanI  labaratory  enginetrt  study  ftatibility  of 
random  vibration  tott  system  for  ovaluating  components  for  future  space  vehicles.  Du 
Mont  dual-beam  oscilloscope  provides  visual  indication  to  pinpoint  instant  random  noise 
frequencies  begin  to  affect  component's  structure.  Shaker  at  right  is  operated  from  tape- 
recorded  random  noise 


Circulatory  defects  in  the  heart  are  quickly 
diagnosed  by  monitoring  and  recording 
dye  concentration  injected  in  the  patient's 
bloodstream 

value.  This  sequence  of  events  pro¬ 
vides  a  characteristic  and  instantly 
recognizable  normal  curve. 

Abnormal  Reaction 

If  the  patient  has  a  shunt  (ab¬ 
normal  flow  of  blood  through  a  hole 
in  the  septum  separating  the  left 
and  right  auricles),  .some  blood  con¬ 
tinually  circulates  to  the  lungs  and 
back  to  the  heart  without  reaching 
the  main  circulation.  When  the  dye 
is  injected,  only  part  of  it  is 
pumped  out  into  the  aorta. 

Consequently,  the  record  show’s  a 
slightly  lower  initial  peak.  Then, 
as  blood  passing  through  the  heart 
continues  to  pick  up  dye  from  the 
blood  circulating  to  the  lungs,  the 
dye  concentration  at  the  measuring 
point  fails  to  die  away  properly. 
The  disappearance  curve  is  mark¬ 
edly  longer  and  shallower  in  slope 
than  that  for  a  normal  patient. 

A  variety  of  other  abnormalities 
show  equally  characteristic  curves. 

Transistor  Amplifier 
Design  Method 

By  VICTOR  R.  LATORRE  Applied  Ke.'.earc-h 
Lab.  I’nlverslty  of  .\rlzona.  Tiipson,  Ari¬ 
zona 

Simplified  procedure  for  design¬ 
ing  bandpass  transistor  amplifiers 
operating  up  to  50  me  uses  an  ef- 
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Widen  the  scope 
of  component  design 

...with  ALUHDUM* 
high-purity  fused  aiumina  grain 


I- 


►  ^ 


I 


Here  is  a  super-refined,  highly  versa¬ 
tile  ceramic  grain  that  gives  electronic 
component  desig^ners  real  creative  lati¬ 
tude.  With  its  superior  electrical  and 
mechanical  properties  to  work  with, 
even  the  most  advanced  design  con¬ 
cepts  can  be  translated  into  practical 
products  efficiently  and  economically. 

Electrochemically  refined  to  extreme 
purity,  the  outstanding  performance  of 
this  Norton  alundum  Grain  in  500 
and  900  mesh  size,  has  long  made  it  a  I 
favorite  for  coating  the  heaters  of  radio  1 
and  television  tubes.  It’s  readily  avail-  ' 
able  for  use  throughout  the  electronics 
industry  —  not  only  in  the  above  mesh 
sizes  but  also  in  a  large  range  of  coarser 
sizes  —  for  virtually  limitless  applica¬ 
tions. 

For  example,  alundum  grain  com¬ 
bined  with  epoxy  resins  or  silicone 
compounds  makes  possible  superior 
potting,  encapsulating,  and  sealing 
agents.  Again,  used  as  a  basic  ingredi¬ 
ent  in  ceramic  type  mixes  or  in  insulat¬ 
ing  powders,  it  readily  lends  itself  to 
casting,  molding  or  extruding  of 
sleeves,  shells,  tubes,  collars,  etc.  And 
in  every  case,  it  makes  design  easier 
. . .  processing  more  profitable. 

Check  the  exceptional  characteris¬ 
tics  of  ALUNDUM  Fused  Alumina  Grain 
in  the  table  below.  Then  get  in  touch 
with  a  Norton  Engineer  for  specific 
details  on  your  precise  requirements. 
He’ll  be  glad  to  describe  the  applica¬ 
tion  of  this  and  other  types  of  Norton 
Refractory  Grain  to  electronic  com¬ 
ponent  design.  Write  to  Norton 
Company,  Refractories  Division,  931 
New  Bond  St.,  Worcester  6,  Mass. 


ALUNDUM  Fused  Alumina  Grain 
Gives  You  these  Superior  Properties 
.  .  .  and  many  more! 

High  Dielectric  Strength 
High  Electrical  Resistance 
High  Heat  Conductivity 
High  Resistance  to  Thermal  Shock 
High  Mechanical  Strength 
High  Dimensional  Stability 
Extreme  Hardness 
Excellent  Abrasion  Resistance 

Available  in  a  wide  range  of  grain  sizes 

*Trad«-Mark  Rcf.  U.  S.  Pat.  OK.  and  Forei(n  Countries 


NORTON 


refractories 

Engineered . . .  . . .  Prescribed 


Making  better  p  ro  d  u  cts  .  .  .  t  o  make  your  products  better 
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fective  equivalent  circuit.  Design 
is  exactly  that  used  for  vacuum- 
tube  amplifiers. 

Common-emitter  hybrid-para¬ 
meter  equivalent  circuit  of  a  junc¬ 
tion  transistor  is  shown  in  Fig.  1. 


for  lab,  production  tost, 
teat  maintenance,  or  as  a 
component  or  subsystem 
in  your  own  products 


Look  how  Sorenson  equipment  blankets  the  controlled  power  field 


A-c  refulators 

•  Completsly  tubeless— transistorized  and 
mag  amp  to  5  kva 

a  Tubeless  for  peak,  rms  or  average  voltage 

•  Electronic  — to  15  kva 

•  Fast-response,  low-distortion 

•  High-precision  (±0.01%  rms  regulation) 

e  Hermetically  sealed  and  MilSpec  versions 

•  400  cycle  regulators 

•  Three-phase 

•  A-c  meter  calibrators  and  voltage 
reference  sources 

e  "Constant  voltage  transformers”  for 
line  and  filament  regulation 


FIG.  1— Equivalent  circuit  of  junction 
traniistor 


The  hybrid  parameters  are:  r.  + 
a„  is  input  resistance  with  collector 
shorted  to  emitter ;  a«  is  output  ad¬ 
mittance  with  base  open ;  o,..  is 
voltage  feedback  factor  with  base 
open;  ^  is  ratio  of  collector  to  base 
current  with  collector  shorted  to 
emitter ;  r.  is  base-spreading  resist¬ 
ance;  C„  is  input  capacitance;  and 
C.  is  output  capacitance. 

Cl,  is  equal  to  Ck,  -f  C»*  -|-  (1  -H 

Ak.). 

For  an  amplifier  with  single- 
tuned  output,  an  inductance  is 
placed  in  parallel  with  the  collector 
and  emitter  terminals.  Since  o,.  may 
be  neglected  for  small  signals,  ex¬ 
pressions  for  gain  and  center  fre¬ 
quency  are  obvious. 


NOBATRON®  rtgulatid  d-c  supplies 

•  B  supplies 

e  Tubeless  low-voltage,  high-current— to 
500  amps  out 

e  Wide  range  —  electronic,  transistor  or 
mag-amp  controlled 
e  Electronically  regulated  d-c  supplies 
e  Miniature  transistor-regulated  supplies 
e  And  also  unregulated  d-c  supplies 


Multiple  Stages 

For  more  than  one  stage,  ac¬ 
counting  for  the  input  circuit  of 
the  following  stage  greatly  com¬ 
plicates  the  above  expressions. 
The  pole-zero  diagram  of  a  one- 
stage  amplifier  (Fig.  2)  shows 
that  design  procedure  would  be 
greatly  simplified  if  the  real  pole 
could  be  neglected.  An  effective 
equivalent  circuit  makes  this  po.s- 
sible. 

All  circuit  impedances  are  as- 


Frequtney  chanfers,  iavtrters,  conyerttrs 
(no  moving  parts  in  ttiose) 

•  Single-phase,  60  cps  to  single-phase 
400  cps  or  any  f  in  range  45-2000  cps— 
adjustable  f  or  ±0.001%  regulated: 
powers  to  1000  va 

•  Single-phase  60  cps  to  three-phase  400  cps 

•  Miniature  transistorized  inverters  —  6, 

12.  or  28  vdc  to  1 15  vac,  60  or  4(X)  cps 

•  Miniature  transistorized  converters  — 6, 

12,  or  28  vdc  to  d-c  voltages  from  50  to 
1000  vdc 


Model  R5010  Tubeless  AC  Line  Regulator  (lop) 
Model  610B  Nobatron  DC  Supply  (center) 
Model  FCR  250  Frequency  Changer  (bottom) 


Although  Sorensen  originally  made  its  name  as  the  foremost  producer  of  electronic 
a-c  line-voltage  regulators,  we've  come  a  long  way  since  then.  Today,  Sorensen 
standard  units,  as  outlined  above,  fill  almost  all  the  requirements  of  the  controlled 
power  field  — and  you  can  add  to  these  Sorensen’s  high-voltage  equipment  (up  to 
600  kv).  Today’s  Sorensen  engineer  is  equally  at  home  in  designing  with  vacuum 
tubes,  semiconductors,  and  the  latest  magnetic  devices  and  materials  to  produce 
better,  lighter,  faster  controlled  power  equipment  than  ever  before.  Sorensen  engi¬ 
neers  are  always  glad  to  discuss  your  special  power  requirements  with  you— whether 
for  a  new  unit  or  for  a  complete  power  system.  Write  us  or  see  your  Sorensen 
representative.  baa 


Richard*  Avanua,  South  Norwalk,  Connacticut 


WIDEST  LINE  OF  CO NTR OLLE D- PO W E R 
EQUIPMENT  FOR  RESEARCH  AND  INDUSTRY 


FIG.  2— PoU-zare  diagram  of  on«>stag* 
amplifiar  using  2N384  transistor 


IN  EUROPE,  contact  Soranaan-Ardag,  Zurich,  Switzerland.  IN  WESTERN  CANADA,  ARVA. 
IN  EASTERN  CANADA,  Bayly  Enginaaring,  Ltd.  IN  MEXICO,  Electro  Labs.  S.  A.,  Mexico  City. 
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sumed  to  be  in  parallel.  Since  the 
real  pole  is  no  longer  present,  the 
circuit  is  analogous  to  that  for  vac¬ 
uum  tubes.  Base-spreading  resist¬ 
ance  r,  is  not  being  neglected  in  the 
equivalent  cicruit  in  Fig.  3. 


NEW  IDEAS  INi 
PACKAGED  P0WE3 


for  lab,  production  test, 
test  maintenance,  or  as  a 
.  component  or  subsystem 
;  in  your  own  products 


.1  f.  1  1. 

,L  1  '’V-  1  I  I J, 

FIG.  3— Effactiv*  •quivoknt  circuit  of 
groundod-omittar  cimplifiar 


Parameters  of  the  effective 
equivalent  circuit  were  determined 
in  the  following  manner.  The  out¬ 
put  circuit  was  broadbanded  (Rl 
very  small),  and  a  coil  whose  in¬ 
ductance  and  resistance  are  accur¬ 
ately  known  shunt  the  transistor 
input  circuit. 

By  varying  signal  frequency, 
maximum  voltage  across  the  input 
terminals  is  found.  The  maximum 
occurs  at  input  circuit  resonance. 
Bandwidth  of  the  input  circuit  is 
found  by  varying  frequency  on 
either  side  of  resonance. 

Input  capacitance  is  then  given 
by  Cu  =  l/(cu.’L).  Input  resistance 
is  calculated  from  R  =  l/{2jr  BC,), 
where  C,  =  Cm  and  R  =  (72,,  R.,)  I 
(R„  +  R.r).  R.r  is  the  parallel  re¬ 
sistance  of  the  coil  at  &>.. 

This  method  was  used  and  actual 
characteristics  of  the  amplifiers 
were  within  5  percent  of  theoretical 
values. 


Analog  Tester  Speeds 
Missile#  Aircrait  Checks 


Eluctronic  d«Tic«  call*d  ASCAT  (Analog 
Soli-Chockiag  Automatic  Tetter)  made 
by  Bell  Aircrait  tettt  electrical,  hydrau* 
lie  and  pneumatic  tystemt  oi  mittilet 
and  aircrait.  Single  technician  con  in 
two  minutes  make  tame  checkouts  for¬ 
merly  requiring  an  hour  by  10  men. 
Tetter  tuppllet  unit  being  checked  with 
predetermined  sequence  oi  d-c  signals. 
Returned  signals  are  compared  with 
preset  stondards 


New  addition  to  Sorensen  B-supply  fam¬ 
ily  features  outstanding  versatility,  a 

voltage  range  of  0-3(X)  vdc,  at  up  to  150  ma, 
regulation  within  ±0.15%  or  0.3  volt,  com¬ 
plete  flexibility  as  to  polarity  or  grounding, 
heater  supplies  of  either  6.3  or  12.6  volts 
ac,  and  provisions  for  external  sensing  are 
big  features  of  the  new  Sorensen  Model 
300B  (left).  It’s  one  of  the  most  adaptable 
B  supplies  ever.  Outputs  of  two  Model 
300B's  may  be  connected  in  parallel  for 
higher  current  or  series  for  higher  voltage 
without  introducing  instability  or  impairing 
regulation.  Model  300B  may  also  be  con¬ 
nected  to  supply  constant  current  within  a 
specified  range.  Sorensen  has  B  Nobatrons 
to  supply  almost  every  need  of  electronic 
research  lab  or  precision  equipment  builder. 
They  come  In  output  voltages  up  to  1000- 
vde;  models  have  adjustable  front -panel 
controls  and  hold  their  regulation  over  an 
astonishingly  wide  voltage  range.  Bench  or 
rack-mounting  models.  Write  for  specs. 


New  unregulated  supplies  offer  economy, 
wide  adjustment  range,  unregulated,  but 

highly  adjustable,  the  new  Sorensen  RC- 
Nobatron  Rangers,  like  the  Model  RC36-30 
(left),  are  exceptionally  simple  and  rugged 
d-c  supplies  consisting  basically  of  a  vari¬ 
able  autotransformer  and  rectifier-filter  cir¬ 
cuit.  They  come  in  models  to  supply  0-36 
or  0-150  vdc  and  each  model  has  an  auxil¬ 
iary  a-c  output  of  0-130  vac.  Each  voltage 
range  comes  in  two  power  capacities  (ap¬ 
proximate  maxima):  (1)  500  watts  dc  and 
(2)  1  kw  dc.  A  transformer  completely  iso¬ 
lates  d-c  output  from  a-c  input  and  output; 
entire  circuit  is  completely  isolated  from 
chassis  ground.  D-c  output  voltmeter  and 
ammeter  supplied.  Available  for  bench  or 
19"  rack.  All  models:  115  vac,  60  cps.  a  4b 


See  your  nearest  Sorensen  Representative  or  write  us  for  complete  details  on  these 
new  Sorensen  d-c  power  supplies.  And  may  we  remind  you  that  our  engineers  are 
always  ready  to  consider  your  special  power  supply  needs,  whether  this  involves 
modification  of  an  existing  unit  or  the  design  of  a  complete  power  system  to  meet 
complex  requirements. 


SORENSEN  &  COMPANY,  INC. 

Richards  Avanua,  South  Norwalk,  Connsetleut 


WIDEST  LINE  OF  CONTROLLED-POWER 
EQUIPMENT  FOR  RESEARCH  AND  INDUSTRY 

IN  EUROPE,  contact  Soransen-Ardag.  Zurich,  Switzarland.  IN  WESTERN  CANADA,  ARVA. 
IN  EASTERN  CANADA.  Bayly  Enginaaring,  Ltd.  IN  MEXICO.  Etactro  Labs.  S.  A..  Maxico  City. 
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Stereo  Pickup  Uses  Push-Pull  Coils 


Ultraviolet  Image-Converter  Tube 


In  past  issues  (p  78,  Feb.  13,  1959 
and  p  102,  Sept.  26,  1958),  several 
stereo  pickups  have  been  described, 
each  different  in  design  from  the 
other.  Still  another  design  is  used 
in  the  Pickering  unit  described  in 
a  recent  paper'. 

Basic  functional  configuration 
of  the  design  is  shown  in  Fig.  1. 
This  is  a  front  view  of  the  pickup 
along  a  line  parallel  to  the  record 
surface  and  shows  the  front  end 
of  the  armature  with  the  stylus 
attached.  The  armature  is  free  to 
move  in  any  direction  in  the  plane 
of  the  drawing.  The  magnet  is 
behind  the  drawing  plane  and  lo¬ 
cated  centrally  between  the  two 


separate  branches  of  the  magnetic 
circuit.  Extensions  of  the  mag¬ 
netic  polepieces  come  down  at  45 
deg  to  the  record  surface  as  shown. 
The  magnetic  circuit  is  completed 
by  the  armature  connecting  the 
lower  end  of  the  magnet  to  the 
two  cores  inside  the  coils. 

Motion  of  the  stylus  along  the 
45-deg  line  up  to  the  left  modu¬ 
lates  the  flux  in  the  left-hand  leg 
but  not  in  the  right-hand  leg. 
And  the  reverse  situation  modu¬ 
lates  the  flux  in  the  right  but  not 
the  left  leg.  The  two  coils  are 
separate  electrically  and  provide 
the  two  electrical  signals. 

In  actuality,  a  push-pull  ar- 


COMPONENTS  AND  MATERIALS 


Uft  photomicrograph  shows  unstoinod  section  of  human  brain  os  soon  in  visible  white 
light.  At  right,  the  some  specimen  is  shown  os  viewed  in  ultraviolet  light  with  aid  of  new 
tube.  Irregular  block  spots  ore  nerve  cells 


FIG.  1— Basic  configuration  of  stereo 
pickup  design.  Magnet  is  located  behind 
plane  of  the  drawing 


Invisible  ultraviolet  images  of  spec¬ 
imens  are  converted  into  visible 
pictures  by  a  new  tube  called  the 
Ultrascope.  Developed  by  RCA,  the 
new  tube  is  intended  to  replace  the 
regular  eyepiece  of  a  microscope 
adapted  for  ultraviolet  viewing.  A 
commercial  model  of  an  ultraviolet 
photo-microscope  incorporating  the 
new  tube  will  be  available  shortly 
from  Bausch  and  Lomb  Optical 
Company. 


Accessory  Viewer 

The  ultraviolet  accessory  viewer, 
Fig.  1,  consists  of  two  units — the 
Ultrascope  and  eyepiece  and  a  com¬ 
pact  power  supply.  Invisible  rays 
from  an  ultraviolet  lamp  pass 
through  the  specimen  under  obser¬ 
vation  and  through  an  ultraviolet 
objective  lens.  On  the  faceplate  of 
the  image-converter  tube  an  invisi¬ 
ble  ultraviolet  image  of  the  speci¬ 
men  is  formed.  The  faceplate  trans¬ 
mits  ultraviolet  rays.  On  the  inner 
surface  of  the  faceplate  a  photosen¬ 
sitive  material  converts  the  ultra¬ 
violet  image  into  a  corresponding 
pattern  of  electrons.  The  pattern  is 
focused  on  the  fluorescent  viewing 
screen  at  the  opposite  end  of  the 
tube.  The  image  of  the  specimen  is 
observed  on  the  viewing  screen 


FIG.  1 —Functional  drawing  of  ultrovioUt 
occtASory  viowor 


through  a  lens  of  the  desired  mag- 
niflcation. 


Applications 

Microscope  applications  are  ex¬ 
pected  to  be  found  in  the  fields  of 
pathology  and  cytology.  As  a  clini¬ 
cal  instrument,  it  will  be  useful  for 
tissue  cell  screening,  bone  marrow 
observation  and  determination  of 
hemoglobin  in  liver. 

It  may  be  possible  in  future  ex¬ 
tensions  of  the  principle  involved  to 
develop  special  glasses  that  would 
enable  the  view'er  to  see  in  high 
ultraviolet  light  areas. 


RIGHT 

CHANNEL 


LEFT 

CHANNEL 
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Select  your  seals  from  the 
industry's  most  complete  line  of 
standard  hermetic  terminations 


economies  resulting  from  standard  tooling 
.  .  .  experienced  design/engineering  service 
on  custom  seals  .  .  .  complete  service  on  the 
sealing  of  components  of  your  manufacture 
.  .  .  and  a  team  of  qualified  sales  engineers 
nationwide  to  assure  you  of  fast,  competent 
assistance  on  special  sealing  problems.  Con¬ 
sult  E-I  on  standard  or  custom  seals,  minia¬ 
ture  and  sub-miniature  types,  single  lead  ter¬ 


minals  and  multiple  headers,  seals  for  all 
applications.  Call  or  write  for  data  on  E-I 
standard  seals,  mentioning  terminal  types  in 
which  you  are  interested.  Send  drawings  for 
quotations  on  custom  seals. 

Patented  in  Canada,  No.  5tS,S90;  in  United  Kingdom, 
No.  7Si,58S:  licensed  in  0,  S.  under  No.  tSSlStO 
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ELECTRICAL  INDUSTRIES 


A  Division  of  PhUips  Electronics,  Inc.  MURRAY  HILL,  NEW  JERSEY 
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FIG.  3— Simplified  bottom  view  of  pickup 


Figure  3  is  a  simplified  bottom 
view  of  the  pickup.  The  armature 
is  pivoted  at  its  center  in  a  bear¬ 
ing  allowing  the  stylus  end-free 
motion  in  all  directions  in  the 
plane  perpendicular  to  the  record 
surface.  The  front  end  of  the 
armature  is  coupled  to  the  mag¬ 
netic  circuit  through  the  two  45- 
deg  pole  pieces  at  the  front  of  the 
cartridge.  The  other  end  of  the 
armature  is  also  coupled  to  the 
magnetic  circuit  through  two 
identical  pole  pieces  at  the  rear 
of  the  cartridge. 

As  the  armature  moves,  it 
modulates  the  magnetic  circuit  at 
the  rear  of  the  cartridge  with  an 
amplitude  equal  to  the  modulation 
at  the  front  but  180  deg  out  of 
phase.  Coils  are  phased  so  that 
the  two  signals  in  each  channel 
are  added.  The  push-pull  arrange¬ 
ment  gives  higher  signal  level, 
minimum  distortion,  and  dynamic 
mass  reduction.  It  provides  also 
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rangement  is  used  with  four  coils. 
Two  are  used  for  each  channel  as 
shown  in  Fig.  2.  The  magnet  is 
located  in  the  center  between  the 
four  coils.  The  only  moving  part 
of  the  pickup  is  the  armature— a 
single  straight  tube  placed  along 
the  bottom  of  the  structure  paral¬ 
lel  to  the  record  surface. 


fiG.  2— ’ActMol  push-pull  design 


/ 


hum-bucking  against  external 
magnetic  fields. 

The  complete  moving  system  is 
on  an  insert  which  the  user  can 
put  in  the  pickup  or  remove  easily. 
Two  different  inserts  are  avail¬ 
able.  One  has  a  moving  system 
with  the  maximum  compliance 
usable  on  the  best  quality  record 
changers.  The  other  has  the  ad¬ 
ditional  compliance  which  can  be 
accommodated  by  a  top  quality 
manual  arm. 

Reference 

1.  W.  O.  Stanton,  "The  Development  of  a 
High  Quality  Stereophonic  Pickup  Car¬ 
tridge",  paper  presented  at  the  19.")8  An¬ 
nual  Meetiilg  of  the  Audio  Engineering 
Society. 


Switch  Includes 
Thermal  Tripper 

Developed  by  Allgemeine  Elek- 
trizitats-Gesellschaft  of  West  Ger¬ 
many,  a  new  switch  contains  a 
built-in  thermal  tripping  device. 
The  switch  consists  of  a  curved  pre¬ 
tensioned  bimetal  strip  held  by  two 
knife-edge  supports  which  carry 
the  current  passing  through  the 
switch.  The  bimetal  strip  is  welded 
at  one  end  to  another  strip  carrying 
an  interrupting  contact. 

Switch  Operation 

When  current  through  the  switch 
becomes  excessive,  the  bimetal  strip 
combination  bends  upward,  because 
of  the  heat,  and  opens  the  contact. 
The  combination  remains  in  the 
off  position  even  after  the  strip  has 
cooled  down  until  the  switch  is  ac¬ 
tuated  again  by  a  push-button  caus¬ 
ing  the  bimetal  strip  to  be  de¬ 
pressed  into  its  normal  position. 
But  the  circuit  is  connected  again 
only  when  the  main  switch  is  once 
again  actuated  to  its  on  position. 

According  to  the  manufacturer, 
the  new  combination  has  several  ad¬ 
vantages  compared  to  the  conven¬ 
tional  arrangement  of  separate 
main  switch  and  thermal  release. 
These  include  the  fact  that  no  dam¬ 
age  can  be  done  by  clamping  the 
excess-current  (thermal)  switch  in 
the  on  position  since  the  main 
switch  is  off.  Also,  no  auxiliary 
push-button  is  required  for  switch¬ 
ing  on  again  after  thermal  tripping 
has  taken  place. 


All 


solve 

YOUR  LOGIC  CIRCUIT 
PROBLEMS  WITH 
EPSCO’S  NEW 


COMPONENTS 


Available  now  ...  a  complete 
line  of  fully  encapsulated  high- 
loading  TRANSISTOR  DIGITAL 
CIRCUITS . . .  plug-in  components 
to  give  you  true  reliability  at 
very  low  cost.  Epsco  TDC’s  save 
you  engineering  time  .  .  .  slash 
space  requirements  . . .  provide 
flexible,  compatible  operation. 


AVAILABLE  CIRCUITS 

Flip-Flops  and  Counters 

Diode  AND  Gotes 

Diode  OR  Gates 

Nor  Gates  —  An  Epsco  Exclusive 

Parallel  Gates 

Cascade  Gates 

Inverter  Amplifiers 

Non-Inverting  Amplifiers 

Emitter  Followers 

Power  Drivers 

Delay  Multivibrators 

Pulse  Shapers 

Level  Converters 

Neon  Indicators 

Incandescent  Indicators 

Blocking  Oscillators 

Level  Shapers 

6,  12,  18  volt  Power  Supplies 
Clock  Multivibrators  (0-200  KC) 

Coming  soon  compicfe  I  me  /ogic  circuif  fomily 
adding  others  all  the  time 


•  Save  Time  and  Space 

•  Cut  Costs 

•  Permanent  Encapsulation 

•  Vibration-Moisture  Resistant 

I 

•  Field  Proven  Circuits 

•  Low  Power  Requirements 
e  High  Loading 

e  Completely  Compatible 

•  In-Line  or  Tube  Socket 
Mounting 

e  Easy-Access  Test  Points 
SPECIFICATIONS 

Fr«qu*flcy  Rang** . up  to  40Q  KC 

Switching  Tim** 

Diod*  Logic. ...... .0.7  mmc  max 

Transistor  logic . 1.S  mmc  tnax 

Signei  Voltag*  L*v*it 

±  H  volts,  ±  6  voJfs 

T*mp*ratur*  Rang* 

-55*C  to  +75*C 


Typical  Epsco  TDC  sysl*m  application 

^ 


COMPONENTS 


WRITE  FOR  FREE  BROCHURE  —  o 
complete  illustrated  color  brochure 
plus  complete  set  of  engineering 
inquiry  data  sheets  with  detailed 
performance  chorocferijf/cs,  Epsco, 
Inc.,  Comportenfs  Division,  Dept. 
R128,  108  Cummington  St., 

Boston  15,  Mass. 
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PRODUCTION  TECHNIQUES 


Ribbent  of  glatt  and  foil  •Uctroda*  or*  intarUavod  automatically  Pallot  loading  racks  and  pallet  heating  oven  are  teen  in  rear, 
on  compact  machine  electrode  pickup  carriage  and  bar  are  in  foreground 

Machine  Stacks  Glass  Capacitors 


Glass  ribbon  and  metal  foil  are 
alternately  stacked  to  form  the 
basic  structure  of  glass  capacitors 
made  at  Corning  Glass  Works’  elec¬ 
tronic  components  plant,  Bradford, 
Pa.  The  stacking  operation  is  han¬ 
dled  in  high  volume  by  machines. 

The  machine  shown  prepares  10 
to  30  capacitor  stacks  in  a  single 
strip,  which  is  later  cut  apart.  The 
machine  is  unattended  except  for 
observation  and  loading  of  the  co¬ 
ordinated  feed  systems  which  sup¬ 
ply  pallets,  glass  ribbon  and  foil. 

Pallets  are  loaded  in  racks.  An 
air-operated  arm  transfers  pallets 
in  train  from  the  bottom  of  the 
vertical  racks.  The  pallets  pass 
through  an  oven  to  a  belt  moving 


from  left  to  right.  After  each  pallet 
is  pushed  onto  the  belt,  a  stud  in 
the  belt,  behind  the  pallet,  pushes 
it  into  the  stacking  bed. 

Heating 

Heating  the  pallet  facilitates 
stacking  and  subsequent  handling 
of  the  strips.  The  glass  ribbon  is 
coated  with  a  pure  organic  adhesive 
which  melts  at  a  temperature  of 
100  F.  After  stacking,  the  pallets 
are  cooled,  solidifying  the  adhesive 
and  making  the  stacks  rigid.  The 
adhesive  is  completely  evaporated 
during  subsequent  processing. 

Glass  ribbon  is  fed  from  a  reel  to 
a  guide  above  the  left  end  of  the 
stacking  bed.  After  the  pallet  is  in 


position,  a  pickup  arm  grasps  the 
ribbon  end  and  pulls  it  the  length 
of  the  pallet.  The  ribbon  is  cut  at 
the  guide  and  released  by  the  arm 
so  that  it  lays  flat  in  the  pallet.  The 
glass  is  about  1  mil  thick  and  suf¬ 
ficiently  limp  for  machine  handling. 

Foil  is  supplied  as  rolled  sheet 
the  width  of  the  strip.  It  is  fed  at 
right  angles  to  the  pallet.  As  the 
sheet  unrolls,  a  roller  die  cuts  it 
into  tape,  1  tape  for  each  capacitor 
in  the  strip.  The  tapes  pass  under 
a  guillotine  to  a  pickup  platform. 

A  bar  picks  up  the  ends  of  the 
tape  as  the  guillotine  cuts  the  tape 
ends  into  the  rectangular  electrodes 
of  the  capacitor.  The  pickup  is 
made  by  vacuum,  through  holes  in 


EUctrod*  pickup  and  foil  slitting  rolUr  dio  Pallet  it  ejected  onto  refrigerated  table  Small  electrodes  are  prepared  in  combs 
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The  Pot  Thor’s  thunder 
couldn’t  shake! 

Only  Fairchild’s  “Pot”  Could  Meet  the  Specs  for  a  Big  156  Jolt 
.. .Then  Took  12G’s  More  as  a  Safety  Factor* 


When  the  prime  contractor  on  the  first 
guidance  system  for  the  Air  Force  Thor 
missile  required  a  potentiometer  that 
could  take  punishment  Fairchild  was 
called  in.  Fairchild’s  sales  engineer  woik- 
ing  with  one  of  Fairchild’s  Customer  Engi¬ 
neering  Croups  and  the  contractor’s 
Standards  Engineers,  developed  the  rug¬ 
ged  1*  diameter  precision  10-tum  potenti¬ 
ometer  on  your  right. 

This  “pot”  features  a  unique  mechan¬ 
ical  wiper  tab  drive  perfected  by  Fairchild 
which  is  separate  from  the  helical  coil  of 
resistance  wire.  ’This  niinimizes  winding 
wear  and  electrical  backlash  thereby  ex¬ 
tending  liie  and  accuracy.  Fairchild’s  de¬ 


sign  also  offers  tight  linearity  tolerance, 
high  temperature  performance,  low  noise 
levels  and  is  available  in  resistance  ranges 
between  IK  ohms  and  2  megohms,  and  in 
diameters  of  X",  1*  and  1-13/16". 

'The  Fairchild  potentiometer  line  is  com¬ 
plete.  It  is  the  result  of  careful  research 
and  design,  of  rigid  incoming  materials 
inspection,  of  sub-assembly  and  final  in¬ 
spection  plus  performance  testing  and 
environmental  testing  to  destruction  of 
random  samples. 

Write  or  call  for  the  new  condensed 
catalog  —  Fairchild  Controls  Corporation, 
Components  Division,  Dept.  24E. 


THE  PROBLEM:  A  *m«M,  multi-turn  potantiomaUr  was  ra- 
quirad  for  tha  "black  box"  in  the  Thor  misslla  which  had  to 
withstand  severe  environmental  conditions,  and  have  char¬ 
acteristics  of  low  noise  with  no  discontinuity  under  vibration, 
shock  and  acceleration. 

THE  SOLUTION:  A  special  hi|h-raliability  daslin  of  the 
Fairchild  standard  type  920,  lO^urn  potentiometer,  a  dasifn 
demanding  the  closest  tolerances,  selected  materials,  and 
special  assembly  techniques.  The  result  —  a  "pot"  which 
delivered  a  safety  factor  beyond  the  specs  that  helps  to 
assure  reliability. 


Enviranaiental  Tests 

Cantracters 

Specillcatien 

Fairchild 

PsrfomMHica 

Vibrations 

2-2000  cps— 156 

2-2000  cps— 306 

Sheek 

1006 

1296 

Aeceleratlen 

Constant  170 

Caastant  806 

*Fairchild's  Built-in  SAFETY  FACTORS  Bwyond  Hm  Specs  for  Reliability  in  Performance. 


Potentiometers 
Rate  Gyros 
Pressure  Transducers 
Accelerometers 


-^IRC-HILD 

CONTROLS  CORPOROTION 


In  addition,  the  units  wars  vibrated  at  resonant  peaks  be¬ 
tween  2-2000  cps  from  25G  to  50G  for  15  minutes  without 
electrical  or  mechanical  degradation. 


COMPONENTS  DIVISION 


22b  Park  Avenue 
Hicksville,  L  I N  Y 


61 1 1  E  Washington  Blvd 
los  Angeles  Cal 
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High  Temperature 


the  underside  of  the  hollow  bar. 
The  bar  lifts,  retracts  and  places 
the  electrodes  on  the  ribbon  of 
glass.  The  vacuum  is  momentarily 
relieved  as  the  electrodes  drop  in 


L*pdt  or*  tpotw«M«d  to  capacitor  strip 


Stacking  capacitor  strip  by  hand 


SUPER-TEMP  can  supply  with  unprecedented' 
speed  and  volume,  the  finest  quality  Teflon* 
insulated  magnet  wire  for  continuous  opera¬ 
tion  up  to  +260°C  and  to  considerably  higher 
ranges  for  shorter  operating  periods.  Rigid 
inspection  standards  include  a  multitude  of 
tests  for  physical,  environmental  and  electrical 
characteristics. 


AssombUr  usos  hand  vacuum  pickup  to 
hold  olectrodos 


TEMPERED  TEFLON 
MAGNET  WIRE 


Successive  layers  of  glass  and 
electrodes  are  built  up.  The  carriage 
of  the  electrode  pickup  bar  is  cycled 
so  that  electrodes  of  one  polarity 
project  beyond  1  edge  of  the  glass 
and  electrodes  of  the  opposite 
polarity  project  beyond  the  other 
edge. 

The  pallet  is  ejected  on  a  refrig¬ 
erated  table,  where  the  adhesive  is 
cooled,  and  the  machine  repeats  the 
stacking  sequence. 

Strips  of  capacitors  are  also 
stacked  by  hand.  The  foil  is  precut 
from  tapes  by  machine  and  posi¬ 
tioned  on  strips  of  paper.  Elec¬ 
trodes  for  small  capacitors  are  cut 
from  foil  tapes,  but  left  joined  at 
one  edge  so  that  the  strip  of  elec- 


SILICONE  MAGNET  WIRE 


NEED  IT  PAST?  ...SEE  SUPER-TEMP  FIRST! 


Also  Manufacturers  of 
LEAD  WIRE  •  MINIATURE  CABLES  •  JUMBO  CABLES 
LACING  CORDS  •  TUBING  •  SPECIALTY  WIRE  *  TEFLON  TAPES 


Sand  For 
VoluobU 
NEWM 
Pag* 
Catalog 


American  Super-Temperature  Wires,  Inc. 

8  West  Canal  Street,  Winooski,  Vermont  •  University  2-9636 

^General  Salas  Office:  195  Nassau  St.  •  Princeton,  N.  J.  •  Walnut  4-4450 
Agents  in  principal  */*ctronic  manufacturing  areas 
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Strip  h  placed  in  tawing  fixturn 


Rdlahixihi 


Ve/tS(itiiih 


Speed 


Nan 


•  Check  these  new  standards 
of  reliability  and  performance 


•  CofflpUtnIy  Ironiistorixnd  for  maximum  ,  Normal  tpood  up  to  100  i.p.i 

roliobility  ^  Rtwind  or  loorch  ipood  conttont  at  300 

•  Troublo  froa  bruthlou  motors  i.p.s. 


•  Ovor  50,000  possos  of  lopo  without  sig-  ^  5j„  tp««ds  forward  or  rovorso  up  to 

nal  dogrodotion  ]50  j  p.,, 

•  Linoar  saruo  syst.m  ^  3  „i|lisoconds  itort.  1.3 

•  Lifo  oxpoctoncy  of  pinchroll  mochonism;  millitoc.  stop 

ovor  100,000,000  oporations  -  .  ,  .i.i.. 

^  Front  ponol  occossiDility 

•  Show  ±3  uso<.  W  top#,  cantor  clock  . 

at  100  I.p.s.  • 

a  Vacuum  loop  buffar  •  ’“P*  ’“P* 

a  Continuous  fluHar  fraa  cycling  0  to  200  •  r'-notaly  controllabU 

cpt  •  Tapo  widths  to  }Va'' 

Tha  906  it  usually  suppliad  with  tha  Pottor  921  transistorizod  Rocord-Ptoyback  Ampli- 
fior;  a  unit  that  faaturot; 


•  Battar  than  3  millitoconds  start,  1.3 
millitoc.  stop 

•  Front  ponal  occossibility 
,  In  lino  thraading 

•  End  of  topa  and  topa  brook  tansing 


Pulta  or  loval  outputs 

Output  gating 
1  i.p.s.  to  130  i.p.s. 


Manual,  ralay,  or 
alactronic  function  switching 

Dual  road-writo  oparotion 


Pottar  alto  manufocturas  o  complato  lino  of  Parforotad  Topa  Roodort,  High  Spoad 
Printors  and  Racord-Playback  Hoads. 

Contact  your  Pottar  raprasantotiva  or  call 
or  writa  diract  for  furihor  information. 


POTTER  INSTRUMENT  COMPANY,  INC. 

Sunnyside  Boulevard,  Plainview,  N.  Y. 


Tbt  mart  of 
Emgimtfrimg  Quafiiy 


OVerbrook  1*3200 
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FIG.  1— Cross  taction  of  unfusad  capacitor 
in  oxaggarotad  vortical  tcala 


trodes  look  like  a  comb.  The  excess 
is  cut  off  after  stacking. 

After  strips  are  formed,  leads  are 
spotwelded  to  electrodes.  Molded 
strips  of  cover  glass  are  fitted 
around  the  strips  as  shown  in  Fig. 
1.  The  cover  provides  support  and, 
when  fused,  seals  the  capacitor 
against  moisture  and  contamina¬ 
tion.  The  covered  strips  are  placed 
in  a  fixture  and  the  glass  is  fused 
in  a  horizontal  conveyor  oven.  A 
roller  in  the  oven  applies  pressure 
to  the  fixture. 

Diamond  gang  saws  cut  the  strips 
into  individual  capacitors.  Strips 
are  held  in  fixtures  with  saw  slots 
during  sawing  to  ensure  dimen¬ 
sional  accuracy.  After  testing,  the 
capacitors  are  color-coded  with 
epoxy-base  paint,  applied  with  a 
hand  stamp.  The  paint  is  cured  and 
the  leads  are  pretinned. 
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Optical  Transducer 
rugged,  reliable 

Southwestern  Industrial  Elec¬ 
tronics  Co.,  10201  Westheimer, 
Houston,  Texas,  has  introduced 
the  TL-2  optical  transducer  for  pse 
in  conjunction  with  electronic 
tachometers  such  as  the  ET-series 
units.  The  TL-2  is  a  rugged,  com¬ 
pletely  reliable  transducer  which 


can  measure  rotational  speeds 
over  1,000,000  rpm.  It  contains  a 
phototransistor,  a  light  source  and 


a  lens  system.  It  detects,  by  optical 
reflection,  graduated  lines  placed 
on  the  moving  surface  of  which 
the  rotational  or  linear  speed  is 
to  be  measured.  Mylar  film  with 
lines  printed  on  it  and  with  a 
pressure-sensitive  adhesive  back¬ 
ing  is  supplied  for  application  to 
shafts,  couplings  or  surfaces, 
eliminating  shaft  loading.  Circle 
200  on  Reader  Service  Card. 


Z  f  f  tt 


Sealed  Headers 
7-  and  9-pin 

American  Lava  Corp.,  Manufac¬ 
turers  Road,  Chattanooga  5,  Tenn. 
Tantalum  pins  with  nickel  braze 
alloy,  combined  in  a  strong  hermetic 
seal  with  an  AlSiMag  alumina  ce¬ 


ramic  base  and  envelope  for  vacuum 
tube  use,  are  announced.  These 
headers  allow  higher  bake-out  tem¬ 
peratures  during  subsequent  assem¬ 
bly  to  the  envelope.  The  materials 
have  been  selected  for  their  low 
vapor  pressure  characteristics. 
Circle  201  on  Reader  Service  Card. 


Power  Supply 
large  output 

master  Specialties  Co.,  956  E. 
108th  St.,  Los  Angeles  59,  Calif. 
The  P/N  380-100  power  supply  was 
designed  to  supply  three  separate, 
closely  regulated  output  voltages, 


(+  150  V  at  630  ma,  —  150  v  at  100 
ma,  and  —300  v  at  40  ma),  for  air¬ 
borne  use.  Output  is  very  large  for 
the  size  and  weight  of  the  unit.  Unit 
will  operate  at  +85  C  at  full  output 
rating,  and  is  completely  transistor¬ 
ized.  Circle  202  on  Reader  Service 
Card. 


Frequency  Calibrator 
harmonics  to  25  kmc 

Micro-Now  Instrument  Co.,  6340 
N.  Tripp  Ave,,  Chicago  46,  Ill.  Har¬ 
monics  up  to  25  kmc  can  be  gener¬ 
ated  with  a  new  microwave  fre¬ 
quency  calibrator  model  101.  The 
450-mc  crystal  controlled  signal  is 


designed  to  feed  directly  into  a 
waveguide  or  coaxial  crystal  holder. 
A  5-mc  fundamental  crystal  pro¬ 
vides  a  convenient  means  of  cali¬ 
brating  the  instrument  against 
WWV.  Lower  intensity  markers  at 
150  and  50  me  are  present  for  wave- 
meter  or  receiver  calibration.  Circle 
203  on  Reader  Service  Card. 


Silicon  Rectifiers 
diffused  junction 

Bendix  Aviation  Corp.,  Red  Bank 
Division,  Long  Branch,  N.  J.,  has 
available  a  series  of  new  diffused 
junction  silicon  rectifiers.  They 


have  piv  ratings  ranging  from  50 
to  600  V  and  can  deliver  5  amperes 
of  rectified  current.  Operating  tem¬ 
perature  extends  from  —65  C  to 
+  175  C.  The  rectifier  package  is  in 
conformance  with  the  latest  JETEC 
proposed  standards.  Units  are 


86 


February  20,  1959  -  ELECTRONICS 


designated  1N1612  through  1N1616. 
Circle  204  on  Reader  Service  Card. 


t- 


ROTRON 


SAUCER  FAN 


280  CFM 


The  Saucer  Fan  represents  an 
entirely  new  design  concept  whereby 
the  driving  motor  is  built  within  the 
propeller  hub  limiting  its  axial 
length  to  the  minimum  measurement 
required  by  a  highly  efficient  motor. 

Ideally  suited  for  tightly  packed 
electronic  packages,  where  space  is 
critical,  the  Saucer  Fan  will  provide 
cooling  air  to  the  amount  of  280  cfm. 

Power  requirement  is  115  vac. 

50-60  cps,  1  0. 

The  fan’s  pressure  performance  is 
tailored  to  the  requirements  of  a  modern, 
washable  dustfilter,  "Servo  type"  mounting 
flanges  at  each  end  of  the  venturi  ring 
permit  simplicity  of  mounting  without  loss 
of  spKe.  Direction  of  airflow  may  be 
easily  reversed  by  turning  the  fan  end  for 
end.  Electrical  connections  are  made  to 
a  compact  terminal  block. 


Gage  Control 
high  vacuum  type 

NRC  Equipment  Corp.,  160  Charle- 
mont  St.,  Newton  61,  Mass.  A  new 
high  vacuum  thermocouple  ioniza¬ 
tion  gage  control,  which  covers  the 
range  from  1  to  1  x  lO"*  mm.  Hg., 
the  model  710-B  offers  the  relia¬ 
bility  and  precision  which  make  it 
suitable  for  most  laboratory  and 
production  floor  high  vacuum  in¬ 
stallations.  A  quick-acting  protec¬ 
tive  relay,  which  operates  when 
the  pressure  increases  to  lJ-2  times 
the  scale  to  which  the  control  is 
set,  guards  the  ionization  gage 
against  burn-out  due  to  pressure 
surges.  Circle  205  on  Reader  Serv¬ 
ice  Card. 
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Find  the  missing  memory  piane 


The  seven  memory  planes  above  each  solved  some 
special  memory  problem.  There  is  one  plane  missing. 
It’s  the  one  which  will  solve  your  problem.  You’ll  find 
the  plane  at  General  Ceramics  which  offers  a  com¬ 
plete  memory  plane  service,  backed  by  broad  experi¬ 
ence  in  the  design,  engineering  and  mass  production 
of  planes,  frames  and  cores. 

DBSION  SBRVICB-  An  experienced  design  engi¬ 
neering  staff  stands  ready  to  analyze  your  mem¬ 
ory  plane  requirement,  recommend  and  develop 
the  plane  that  will  meet  your  application  in  the 
most  efficient  and  least  expensive  manner. 

MANUPACTURK-  Skilled  factory  personnel,  uti¬ 
lizing  the  most  advanced  equipment  and  techniques 
and  continually  working  in  all  phases  of  memory 
plane  development  and  manufacture  will  produce 
the  plane.  General  Ceramics  has  developed  and 


wired  memory  planes  containing  from  64  to  16,884 
cores  each.  (Core  sizes  range  from  50  mil  OD  to 
80  mil  OD.) 

QUALITY  CONTROL- An  expanded  testing  de¬ 
partment  with  fully  automatic  and  semi-automatic 
testing  equipment,  developed  at  General  Ceramics, 
assures  you  complete  quality  control  and  the  high¬ 
est  standards  of  manufacture. 

STANDARD  LINS -Perhaps  some  of  General 
Ceramics’  line  of  standard  memory  frames  will 
meet  your  requirements.  Write  for  literature  on 
General  Ceramics  standard  planes.  Address  in¬ 
quiries  to  General  Ceramics  Corporation,  Keasbey, 
N.  J.-Dept.  E. 


GENERAL  CERAMICS 


EIIQIHttH  If  III  Slim  nil  fllllll  I 


Manufacturars  of  FERRAMIC  CORES.  MAGNETIC  MEMORY  CORES.  MEMORY  PLANES.  MICROWAVE  FERRITES. 
SOLDERSEAL  TERMINALS.  HIGH  TEMPERATURE  SEALS.  STEATITE.  ALUMINA  and  CHEMICAL  STONEWARE 
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TheT 
takes 
50G's 
meeting 
MIL-R-19; 
exceeding 
NAS  710 
proc.  Ill 


TheT 
takes 
500  cps 
at  30G’s, 
meeting 
NAS  710 
proc.  Ill 


name 
your 
punish- 
ment... 

and  you’ll  find  the  Helipot  Series  T 
all-metal  single-turn  precision 
potentiometer  can  take  it! 

Name  your  linearity,  to  ±0.20%.. .your 
resistance,  from  650  to  100,000 
ohms.. .up  to  5  ganged  sections 
and  9  taps  per  section. ..servo  or 
bushing  mount,  with  bearings 
front  and  rear  for  perfect  alignment. 

Put  them  all  together,  in  the  T’s 
new  cup-type  housing,  and  you’ll 
have  the  best-value  miniature 
you  can  design  into  your  system! 

For  the  full  T-  Pot  Story,  whistle  for 
data  file  A-22 

potentiometers; dials; delay  lines;expanded  scale  meters: 


Beckman* 


Helipot  Division  of  J 
Beckman  Instruments,  Inc. 
Fullerton,  California 
Engineering  representatives 
in  28  cities 


rotating  components ;  breadboard  parts 


nected  silicon  solar  cells  with 
specially  processed,  ruggedized 
contact  strips  that  assure  optimum 
conversion  efficiency.  Each  module 
contains  five  series-connected  1 
cm  by  2  cm  solar  cells  embedded 
in  an  epoxy  mold.  Circle  206  on 
Reader  Service  Card. 


R-F  Head 

direct-reading 

ITEK  CORP.,  1609  Trapelo  Road, 
Waltham  54,  Mass.  Model  30X5  r-f 
head  is  designed  for  use  with  the 
model  SA30  microwave  spectrum 
analyzer  to  cover  the  8,500  to 
9,700  me  range  of  the  X  band. 
With  direct  reading  frequency 
dial,  this  unit  is  accurate  to  0.05 
percent  or  better.  It  features  auto¬ 
matically  tracked  reflector  voltage 
for  constant  display  centering  and 
a  precision  80  db  r-f  input  atten¬ 
uator.  Circle  207  on  Reader  Service 
Card. 


Digital  Voltmeter 
automatic  reading 


Hewlett-Packard  Co.,  275  Page 
Mill  Road,  Palo  Alto,  Calif.  Model 
405AR  d-c  digital  voltmeter  reads 
positive  and  negative  voltages 
from  100  mv  to  999  v  with  an  auto¬ 
matic  selection  of  range  and 
polarity.  Voltages  are  displayed  in 
three  significant  figures  and  the 
decimal  point  is  automatically 
placed.  Unit  has  an  accuracy  of 
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WIREMAKER  FOR  INDUSTRY 
SINCE  1902 
CHICAGO 


One  Wire  Source  for  Everything 
Electrical  and  Electronic 


f  Electronic  Wire 

A _ 

for  Every  Application 

\ 

Service  Rated — Quality  Controlled 

Every  Electronic  Wire  you  need 
in  easy-to-use  packages. 

Aircraft  and  Auto  Radio  Wire 

Magnet  Wire 

Antenna  Rotor  Cables 

Microphone  Cables 

Broadcast  Audio  Cables 

Mil-Spec  Hook-Up  Wires 

Bus  Bar  Wire 

RG/U  Cables 

Community  TV  Cables 

Shielded  Power  Cables 

Cords 

Shielding 

1  Hi-Fi  and  Phono  Cables 

Sound  and  PA  Cables 

1  Hook-Up  Wires 

Strain  Gauge  Cables 

1  Intercom  Cables 

Transmission  Line  Cables 

TV  Camera  Cables 

Ask  Your  Belden  Jobber 

^  IVrIileii  ^ 

Mofnat  WIr*  •  laad  WIr*  •  Power  Sopoly  Cerdi, 


BIRD’S  IR  VIEW... 

of  a  Hot  Stove  Pipe 

The  wedding  of  optics  to  electronics  may  well  be  the 
marriage  of  the  century ...  a  Tl-fostered  union  produc¬ 
ing  infrared  guidance  systems  capable  of  finding, 
evaluating,  rejecting  false  targets,  and  directing  its 
“bird”  to  point-of-impact.  Texas  Instruments  —  leading 
producer  of  silicon  optics  for  infrared  applications  — 
has  achieved  an  intimate  understanding  of  this  and  other 
unusual  materials  for  specific  portions  of  the  spectrum. 

In  one  of  the  nation’s  best  equipped  facilities,  TI  optics 
specialists  design,  grind,  polish,  and  coat  silicon  lenses, 
prisms,  windows,  and  other  elements  with  the  precision 
accuracy  necessary  for  even  the  feeblest  IR  signals.  Backed 
by  a  full-time  engineering  service  with  fast  computers 
for  design  execution,  the  Texas  Instruments  optics  team 
has  the  “know-how”  to  carry  through  your  project  from 
sketch  pad  ideas  to  custom-made  systems.  For  detailed 
information  on  any  phase  of  precision  optics  technology, 
contact  SERVICE  ENGINEERING  DEPARTMENT; 


Portable  Counter 
reads  to  12,000  cpm 

Performance  Measurements  Co., 
15301  W.  McNichols,  Detroit  35, 
Mich.  Model  1000-B  portable  elec¬ 
tronic  counter  is  capable  of  count¬ 
ing  speeds  to  12,000  counts  per 
minute.  It  combines  a  plug-in  elec¬ 
tronic  decade  with  a  five-digit  me¬ 
chanical  register.  Unit  meets  a 
variety  of  laboratory,  production 
and  process  counting  needs.  It 
fills  the  gap  between  slower  elec¬ 
tromechanical  counters  and  elabo¬ 
rate,  high-speed  multi-decade 
units.  Counting  pulses  may  be 
from  photoelectric  cells,  magnetic 
pickups  or  contact  closures.  Input 
signals  can  be  sinusoidal,  rectan¬ 
gular  or  slow-rising.  Circle  209  on 
Reader  Service  Card. 


Texas 


OPTICS  DEPARTMENT  PowGr  OscHlator 

Instruments  “'*ro-p'-ecise 


INCORPORATED 

•  000  LKMMON  AVKNUK 
DALLAS  ».  TKXAB 


Electronics  International  Co., 
145  W.  Magnolia  Blvd.,  Burbknk, 
Calif.,  has  produced  an  ultra-pre¬ 
cise  power  oscillator  for  airborne 
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FIN-LOCK  LEADS... 

for  printed  wire  circuits 


Where  application  calls  for  ceramic 
capacitors  with  great  stability  over  an  extended 
temperature  range,  type  JL  DISCAPS 
should  be  specified.  Between  — 55°C 
and  +110®C  JL  DISCAPS  show  a  capacity 
change  of  only  ±7.5%  at  25 ®C.  Type 
JL  DISCAPS  are  a  quality  replacement 
for  paper  or  genertd  purpose  mica  capacitors 
at  a  savings  in  cost. 
Your  inquiry  is  invited. 


Fin-Lock  leads  provide  an  absolute  lock  into 
printed  circuit  boards  and  permit  either 
automatic  or  hand  assembly.  Crimping  of  leads  is 
eliminated  and  stand  up  position  is  assured. 
Designed  for  holes  from  .040  to  .052,  Fin-Lock 
leads  are  stopped  in  holes  over  .052  by  the 
unique  shoulder  design.  These  new  leads  are 
available  on  all  DISCAPS  of  standard 
voltage,  rating  and  spacing  at  no  increase  in  price. 


DISCAP 

CERAMIC 

CAPACITORS 


FACTORIES  AT  CHICA60,  ILL.  AND  ATBCA,  IMI 


applications.  The  DK1-102A  is 
essentially  a  2-w  output  power 
oscillator  designed  for  shock- 
mounted  installation  in  aircraft 
and  missiles  for  control  equip¬ 
ment,  gyros,  synchros  and  servos. 
It  is  also  readily  used  in  electronic 
ground  support  systems  and  is 
particularly  adaptable  due  to  the 
input  source  of  from  50  to  800 
cycles,  115  v  a-c.  The  entire  unit 
is  designed  to  meet  or  exceed 
specifications  under  MIL-E-4158A. 
Circle  210  on  Reader  Service  Card. 


Phototube 
head-on  type 

Radio  Corp.  of  America,  Harrison, 
N.  J.  The  7326  is  a  new  10-stage, 
head-on  type  multiplier  phototube 
having  a  new  and  improved  photo¬ 
cathode.  This  photocathode  is 
characterized  by  broad  response 
range,  high  sensitivity,  low  ther¬ 
mionic  dark  current,  and  high  con¬ 
ductivity  even  at  low  temperatures. 
The  7326  is  well  suited  for  use  in 
applications  such  as  flying-spot 
scanning  and  photometry  which 
require  low  dark  current  as  well 
as  high  sensitivity  over  the  entire 
visible  spectrum.  It  is  also  useful 
in  scintillation  counters.  Circle 
211  on  Reader  Service  Card. 


FOR:  insulators  of  all  types,  sleeves 
or  inserts,  capacitor  seals,  feed 
through  insulators,  bushings,  slot 
liners,  coaxial  spacers,  layer  insu¬ 
lation  or  any  other  parts  or  forms 
subject  to  high  charge,  extended 
frequency  range,  mechanical  and 
thermal  shock,  extreme  tempera¬ 
tures  and  climatic  conditions. 

You  can  order  in  any  quantity  and 
be  sure  of  true  Teflon  performance, 
because  “John  Crane”  gives  you 
these  plus  factors:  complete  uni¬ 
formity  throughout,  high  density 
control,  freedom  from  flaws  and  rig¬ 
id  adherence  to  your  specifications. 

“John  Crane’s”  complete  fabrica¬ 
tion  facilities  assure  you  prompt 
delivery  on  exactly  what  you  want. 
If  you  have  an  entirely  new  require¬ 
ment,  no  standard  design  or  proce¬ 
dure— “John  Crane’s”  laboratory 
facilities,  know  how,  research  and 
engineering  experience  go  to  work 
on  your  particular  need. 

Now  is  a  good  time  to  put  “John 
Crane”  to  test.  Contact  Crane 
Packing  Company  today. 


TEFLON 


DuPont 

trademark 


Di*ttctric  Strength:  480  v/mil. 

Dielectric  Cohttant  (60  to  10*  eyelet):  2.0 
Power  Factor  (60  to  10*  eyelet):  <0.0005 
Volume  Retittivity:  10**  ohm-cm 
Surfoce  Retittivity:  3.6x10*  megohmt 
Surface  Arc-Retittonce:  doet  not  track 
Temperature  Range:  —450“  to  -1-500“F. 
Chemical  Retittonce:  completely  inert 
Moitture  Abtorption:  zero 


Crane  Packing  Company 
6402  OAKTON  ST. 
MORTON  OROVE,  III. 
(Chicago  Suburb) 

In  Canada; 

Crone  Packing  Co.,  lid, 
Hamilton,  Onl, 


Thermocouples 

subminiaturized 

Pyro-Electtric,  Inc.,  228  E.  James 
St.,  Barrington,  Ill.  Need  for 
lighter,  faster  responding  tem¬ 
perature  sensing  devices  is  met 
with  new  subminiature  thermo¬ 
couples.  They  are  fully  metal  clad 
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J.  B.  WASSALL,  DIRECTOR  OF  ENGINEERING,  WITH  LOCKHEED  SINCE  1937 


A  message  of  importance  to  career-minded  engineers: 

“Lockheed  aircraft  continue  to  blaze  new  trails  for  manned  flight. 

The  new  Electra  is  America’s  first  prop-jet  airliner.  A  Navy  version  of  the 
Electra  will  be  the  country's  first  turbine-powered  submarine  hunter. 

“Already,  our  design  groups  plan  the  supersonic  jet  transports  of  1965. 

Meanwhile,  new  speed  and  altitude  records  set  by  a  Lockheed  F-104 
Starfighter  move  manned  flight  to  the  fringes  of  outer  space. 

“Within  and  beyond  lie  many  problems  for  our  engineers:  problems  in  aero  and 
thermodynamic  characteristics  at  supersonic  speeds,  in  radar,  in  optics,  in  infrared, 
in  data  processing  for  airborne  detection  systems  and  in  all  phases  of  design. 
Additional  long-range  problems  exist  in  military  systems  analysis, 
nuclear  and  space  craft  systems,  commercial  air  transport  studies, 
and  industrial  operations  research. 

“There  are  openings  now  for  thoroughly  qualified  electronics  and  aero- 
.  thermodynamics  and  design  engineers  and  operations  research  specialists. 

“If  you  are  interested  in  a  Lockheed  career  in  California,  write  us  today. 

Address  E.  W.  Des  Lauriers,  Manager  Placement  Staff,  Dept.  103, 

1708  Empire  Avenue,  Burbank." 

ENGINEERS:  IVr/te  Mr.  Des  Lauriers  for  your  copy  of  a  paper  on 
"Airborne  Early  Warning  in  the  Missile  Age"  presented  by  Robert  A.  Bailey, 

Chief  Engineer,  California  Division,  Lockheed  Aircraft  Corporation, 
at  the  6th  USAF  World  Wide  Weapons  Meet. 


THE  CALIFORNIA  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION  •  BURBANK,  CALIFORNIA 


; 


V 


( 
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REDUCE 

BREAKDOWN  FAILURES 


The  use  of  a  thermo-plastic  insulation  material  has  resulted  in  an 
economically  priced  molded  carbon  resistor  of  markedly  improved 
endurance  and  long  term  stability. 

Type  N  resistors  subjected  to  several  one-hour  cycles  of  immer¬ 
sion  in  boiling  water  —  while  DC  polarized  —  have  revealed  only 
n^ligible  changes  in  resistance.  Continuous  operations  at  150°C 
caused  no  damage  to  the  component. 

The  new  Type  N  resistor,  a  deposited  carbon  film  fired  onto  a 
porcelain  rod,  is  first  tropicalized  with  multiple  coatings  of  pancli- 
matic  lacquers  to  give  it  long  term  moisture  resistance,  and  is  then 
molded  in  a  thermo-plastic  material. 

This  molded  insulation  has  an  effective  resistance  in  the  order 
of  10^*  ohms.  Its  inherent  thermal  conductivity  is  approximately 
ten  times  that  of  air,  resulting  in  substantially  improved  load  life 
under  conditions  involving  excessive  or  high  wattage  dissipation. 
Similarly,  Type  N  resistors  may  be  soldered  as  close  to  the  insula¬ 
tion  as  desired  without  fear  of  melting  or  deforming  the  cover. 

One  added  advantage  of  the  Type  N  is  that  the  original  markings 
on  the  resistor  body  remain  visible  and  legible  through  the  trans¬ 
parent  molded  material. 

Welwyn  Type  N  carbon  resistors  meet  the  requirements  specified 
by  MIL- R- 10509  B,  and  are  available  in  all  values,  ranging  from 
10  ohms  through  1  megohm.  For  complete  data  and  specifications 
write  to  Welwyn  International,  Inc.,  3355  Edgecliff  Terrace, 
Cleveland  11,  Ohio. 


SAMPLES  AVAILABLE  ON  REQUEST. 


and  ceramic-insulated  from  the 
high-temperature  sheath.  They  are 
rugged  and  resist  corrosion,  abra¬ 
sion  and  erosion  as  readily  as  their 
larger  counterparts,  yet  are  read¬ 
ily  formed.  The  wide  range  of  sub¬ 
miniature  diameters,  from  0.020  in. 
o-d,  2-wire  to  0.040  in.  o-d  2-wire, 
complements  a  complete  line  of 
thermocouple  and  electrical  con¬ 
ductors  in  metal  sheaths  ranging 
up  to  0.500  in.  o-d  6-wtre  units. 
Circle  212  on  Reader  Service  Card. 


Current  Integrator 
versatile  unit 


Elcor,  Inc.,  1225  West  Broad  St., 
Falls  Church,  Va.  Primary  appli¬ 
cation  of  the  A309  current  inte¬ 
grator  relates  to  high-voltage 
particle  accelerators,  but  the  in¬ 
strument  is  useful  in  many  other 
applications  as  well.  As  a  sensi¬ 
tive  current  indicating  instrument, 
it  also  will  measure  the  total 
charge  collected  in  a  given  length 
of  time.  Notable  for  high  accu¬ 
racy,  the  integrator  contains  an 
internal  calibrating  current  source 
that  enables  the  accuracy  and  per¬ 
formance  to  be  conveniently 
checked.  The  instrument’s  panel 
switch  includes  one  which  allows 
ready  adaptation  for  measuring 
current  of  either  polarity.  Circle 
213  on  Reader  Service  Card. 

Protective  Coating 
for  components 

Columbia  Technical  Corp.,  16-02 
Thirty-First  Ave.,  Woodside  77, 
N.  Y.  A  new,  humidity-proofing 
coating,  specifically  developed  for 
fast  air  drying  at  room  tempera¬ 
tures,  is  announced.  Known  as 
HumiSeal  type  1F12,  it  has  infinite 
pot  life  and  shelf  life.  Its  excellent 
adhesion  characteristics  enable  its 
use  on  a  great  variety  of  materials 
including  glass,  ceramic,  plastic  and 
metal.  The  coating  may  be  applied 
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PRESENT 

SUBSCRIBERS 

—  Please  Note! 


This  subscription  coupon  is  for  NEW  subscrib¬ 
ers.  It  is  not  intended  os  a  renewal  notice.  If 
you  are  already  personally  subscribing,  we 
shall  appreciate  your  passing  the  form  to  one 
of  your  associates.  Thank  you. 

Mail  Reply  to:  McGraw-Hill  Pub.  Co.,  Elec¬ 
tronics,  330  W.  42nd  St.,  N.  Y,  36,  N.  Y. 
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DELAY  RELAYS 


^MPfR/Tf 

Delay  I 
Relay  | 

LI  iia 


AIm  — AmpartM  Dtffwtwttal 
leyst  Ih4  far  ■utnotk  owdMd,  on- 
Atf-*tta|a  m  m4m-nnM  protactlM. 


2  to  180  Seconds 

Aduotad  by  o  haotar,  thay  oparota  on 
kX.,  D.C,  or  Puhottaii  Currant.  I 

Hnrmotkolly  seeiod.  Not  offodad  by 
oltituda,  moisivra,  or  cHmota  dningot. 

SPST  only— nottnolly  opon  or  dotod. 

(ompansotad  for  omblant  tamparotura 
dtongoi  from  — 5S*  to  -|-70*  C  Hoot- 
an  (onsunw  opproxinMit^  2  W.  and 
nray  bo  oporotad  continuously.  Tho  units 
ora  rugged,  txplotioii-pr^,  long* 
Ihrod,  and— fntxpenshrtl 

TYKS:  Stondord  Kodte  Octal,  ond 
9-  Hn  bUniatun  . .  List  Price,  $4.00. 

Standard  Delays 

■PROBLBM?  Send  for 
Bulletin  No.  TR-81  j 


AMPERm 

BALLAST  REGULATORS 


Amperite  Rogukitors  ore  designed  to  keep  the 
current  in  o  circuit  automatically  regulated 
at  a  definite  value  (for  example,  0.5  amp.) 
...  For  currents  of  60  ma.  to  5  amps.  Operate 
on  A.C.,  D.C.,  or  Pulsating  Current. 


IP  VOLTACC  or  MV  •  WITN  AMriRlTI 
12  MTTOrr  4  CIUUIGai  j  voltagc  vajus 
U  VAMCS  ATMOI.  !  OM.T 
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Hermetically  sealed,  they  are  not  affected  by  changes  in  oltitude, 
ambient  temperature  (—55*  to  -(-90'  C),  or  humidity . . .  Rugged, 
light,  compad,  most  inexpensive . List  Price,  $3.00. 

Write  for  4-page  Technical  Bulletin  No.  AB-31 


AMPERITE 

561  Broadway.  New  York  12.  NY...,  CAnal  6  1446 
In  Canada  Atlas  Radio  Corp  .  Ltd  .  50  Wingold  Ave  ,  Toronto  10 
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Sam 

TIME 
MONEY 
TROUBLE 

UJ(ZfC 

SEALECTRO 


TEFLON* 

TERMINALS 


TIME,  because  here  is  the  simplest, 


quickest  installation  known  today. 
MONEY,  because  here  is  the  one-piece 
terminal  that  eliminates  screws, 
nuts,  washers,  lockwashers.  TROUBLE 
because  here  is  the  stay-put  terminal 


proved  by  millions  in  daily  use. 

And  here’s  the  "Press-Fit” 

r  principle  at  a  glance: 

0  Insertion  tool  in  drill-press  (power  off) 
or  hand  arbor,  holds  terminal  G  and 
indexes  it  over  countersunk  hole  A. 

Ij)  Applying  pressure,  the  “Press-Fit” 
terminal  slides  easily  and  smoothly 
into  hole,  because  of  resiliency  and 
self-lubrication  of  Teflon  body. 

(D  "Memory”  factor  of  Teflon  causes 
body  to  regain  diameter  and  shape 
within  the  confines  of  the  hole,  for  a 
tight,  sealed,  permanent  installation. 

■  All  due  to  critical  specifications, 

tight  tolerances,  rigid  quality  control,  and 
the  unmatched  "know-how”  of  the  pioneer. 
All  yours  when  you  insist  on  genuine 
Sealectro  "Press-Fit”  terminals. 

WKITB  ON  BUSINISS  STATIONERY 
for  copy  of  latest  catalog  and  free 
subscription  to  TERMINALOGY  that  keeps 
you  posted  on  terminal  techniques. 

*Re(.  TM  of  E.  I.  DuPont  do  Nemours  &  Co.,  Inc. 


either  by  dip,  spray  or  brush.  It  is 
recommended  for  application  on 
components  to  withstand  tempera¬ 
tures  from  — 60  C  to  150  C  and 
subject  to  reasonable  abrasion. 
Circle  214  on  Reader  Service  Card. 


Toroidal  Winder 
simple,  accurate 

Universal  Mpxj.  Co.,  Inc.,  1168 
Grove  St.,  Irvington,  N.  J.  Model 
L-7  laboratory  toroidal  coil  wind¬ 
ing  machine  measures  20  in.  by 
18J  in.  by  17  in.  high.  It  is 
equipped  with:  Variac  speed  con¬ 
trol  for  1/6  h-p  d-c  motor,  0-575 
rpm;  self-releasing  shuttle  to 
magazine  loading  lock;  wire  guid¬ 
ing  device  for  uniform  wire  dis¬ 
tribution  in  magazine;  and 
high-speed  geared  predetermining 
counter.  Price  is  $1,250.  Circle 
215  on  Reader  Service  Card. 


CORPORATION 

PAYETTI  AVBMIt  •  MAMARONKK.  H-lt, 


Pulse  Generator 
series  string  type 

Kingston  Electronic  Corp.,  Med- 
held.  Mass.,  has  developed  a  new 
model  AC-1  series  string  pulse 
generator  for  use  with  Kingston 
absorption  analyzers  to  simplify 
the  location  of  open  filaments  in 
series  string  receivers.  The  bat¬ 
tery-powered  unit  is  a  transistor¬ 
ized  pulse  type  generator  which  in¬ 
jects  a  signal  into  the  receiver 
under  test  through  the  line  cord 
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S  T-A.  N  ID  A.  R  D 


For  your  moot  procia*  laboratory 
maaauramanta,  tka  JK  Sulaar 
Fraquancy  Standard  arith  out* 
put  fraquanciaa  of  1  me  and 
100  kc,  with  stability  battar  than 
1  part  in  10*  i>ar  day.  Fraquancy 
is  variabla  ovar  a  ranqa  of  0.9 
cyclas  or  mora  at  1  me,  and  eap* 
abla  of  baing  raaat  to  S  parts  in 
10**.  Writs  for  eomplata  Mta. 


The  JAMES 
KNIGHTS  COMPANY 


Sandwich  1,  Illinois 


ELECTROLYTIC 

AND 


PAPER  TUBULAR 


CONDBNSIRS 


"35  YEARS  OF  PROVEN 
DEPENDABILITY" 


COSMIC  CONDENSER  CO. 

853  WHITTIER  STREET,  BRONX,  N.  Y. 
LUdlew  9-3360 


HbhhI  Loyn  Cost 
long  life 


0to9 

READOUT 

GLOW 

TUBE 


^(tual  81m  of  th« 
New  "Indltron"  NUPIOS 


FOR  NEW  OR  REPLACEMENT 
APPLICATIONS 

This  new  digital  readout  ‘Tnditron’*  is  offered  at 
a  cost  far  below  previous  models.  A  new  engineer¬ 
ing  approach  makes  this  reduction  possible  with¬ 
out  sacrificing  the  National  Union  tradition  for 
higliest  quality  and  rugged  construction.  You  get 
longer  life,  distinct  presentation  and  lower  voltage 
( 1 .50  V.  DC )  performance  in  this  compact  design. 
Investigate  the  replacement  possibilities  of  this 
ntto  “Indilron." 

Write  for  information  on  the  new  NUP102  and 
National  Union's  extensive  line  of  presentation 
and  glow  devwes. 

Let  us  help  you  with  your  visual  display  problems. 


NATIONAL  UNION  ELECTRIC  CORPORATION 

ELECTRONICS  DIVISION 

Developers  and  Monarfaeferers  of  Special  forpese  Electron  Tubes 

BLOOMINGTON,  ILLINOIS 
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You  get  more  than  ‘hardware’ 
when  you  huy  from  Bowmar 


The  big  plus  factor  in  all  Bowmar  de¬ 
signed  components  and  assemblies  is 
RELIABILITY.  You  can’t  hear  it,  touch  it 
or  see  it . . .  but  it's  there,  your  Bowmar 
insurance  policy  against  performance 
mediocrity  or  failure. 

When  your  project  calls  for  precision 
counting  or  indicating  devices  . . .  preci¬ 
sion  gearheads.or  speed  reducers  .  .  , 
precision  electromechanical  assemblies, 
Bowmar  is  the  firm  most  experienced  and 
best  equipped  to  design  and  produce  them 
for  you. 

Bowmar  has  the  facilities  and  know  how 
to  manufacture  these  devices  in  quantities 
from  single  prototypes  to  thousands .  . . 
all  to  your  most  demanding  performance 
requirements. 


PRECISION 

COUNTING 

OEVICES 


PRECISION 
GEARHEAOS 
ANO  SPEEO 
REOUCERS 


PRECISION 

SERVO 

PACKAGES 


SEND  NOW  FOR  BOWMAR  HANDBOOK  358 


3 


QySfMAR 


INSTRUMENT 

CORPORATION 


B 


8000  Iluffton  Rood 


Port  Woyna,  Indiana 
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receptacle.  This  signal  can  then 
be  followed  to  the  defective  stage, 
from  the  top  side,  by  using  the 
absorption  analyzer’s  electrostatic 
probe  at  the  successive  stages  in 
the  series  string.  Circle  216  on 
Reader  Service  Card. 


Beacon  Simulator 
portable  unit 


Hoffman  Laboratories  Division, 
Hoffman  Electronics  Corp.,  3740 
S.  Grand  Ave.,  Los  Angeles  7, 
Calif.  The  HLI-119  simulates  the 
operation  of  the  TACAN  ground 
beacon  by  generating  a  standard 
TACAN  signal  on  any  two  of  the 
126  TACAN  channels.  It  makes 
possible  checks  of  range  and  bear¬ 
ing  operation,  coding  and  decoding 
and  operating  frequency,  and  en¬ 
ables  the  user  to  measure  peak 
power  and  receiver  sensitivity  of 
the  airborne  equipment.  Unit  can 
function  as  an  accurate  signal 
source  in  a  laboratory  or  as  a  go- 
no-go  checkout  device  on  the  flight 
line.  Circle  217  on  Reader  Service 
Card. 


from  Stromberg-Carlson 


Expanded  facilities  now  make  it  pos¬ 
sible  for  you  to  get  the  same  high  quali¬ 
ty  printed  circuit  boards  we  produce 
for  our  own  telecommunication  and 
electronic  applications. 

We  print  and  etch  one  or  two  sides; 
we  provide  eyelets  or  terminals  and 
can  provide  gold  plating  where  desired. 

All  boards  will  be  manufactured  with 
the  same  rigid  process  control  de¬ 
manded  by  our  electronic  switchboard, 
automatic  toll  ticketing,  carrier  and 
other  precision  equipment.  In  addition, 
you  get  these  chief  advantages: 

1.  Quality:  assured  by  rigid  control  over 
incoming  materials  as  well  as  process. 

2.  Low  Cost:  low  tooling  cost  on  quality 
short-run  precision  work  means  lower 
cost  to  you. 

3.  Volume:  screen  printing  makes  vol¬ 
ume  production  economical.  Delivery 
to  meet  your  scheduling. 

4.  Excellent  Solderability  is  assured 
without  the  need  for  costly  solder  plat¬ 
ing. 

Tell  us  about  your  particular  job  re¬ 
quirements.  We  will  furnish  price  and 
delivery  information  immediately. 


Crystal  Can  Relay 
four  pole 

Branson  Corp.,  41  So.  Jefferson 
Road,  Whippany,  N.  J.  Type  AR 
four  pole  crystal  can  relay  is  now 
available.  It  withstands  125  C 
temperature  and  2,000  cycles  vi- 


A  DIVISION  OF  CSNERAl.  DYNAMICS  CDRPORATION 

Telecommunication  Industrial  Sales 

114  Carlson  Road,  Rochester  3,  N.  Y.  wW 
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bration.  With  header  leads  ar¬ 
ranged  on  a  0.1  in.  grid  and  sev¬ 
eral  case  styles  available,  the  type 
AR  is  compatible  with  printed  cir¬ 
cuits,  miniature  packaging  and 
micromodular  construction.  Dry 
circuit  to  2  ampere  contact  rating 
plus  nominal  operating  voltages 
up  to  115  V  d-c,  make  it  a  versatile 
space  and  weight  saving  device. 
Circle  218  on  Reader  Service  Card. 


Logic  Circuits 
transistorized 

The  Erie  Resistor  Corp.,  Erie,  Pa., 
has  developed  a  line  of  high  speed 
transistorized  plug-in  modules  for 
digital  equipment  and  system  con¬ 
struction  based  primarily  upon  the 
“NOR”  logic.  These  units  are  de¬ 
signed  to  work  at  speeds  in  excess 
of  2  me  under  typical  loading  con¬ 
ditions.  The  module  is  designed  to 
ht  a  standard  7  pin-inline  sub¬ 
miniature  tube  socket.  Up  to  144 
units  may  be  mounted  on  a  stand¬ 
ard  3J  in.  by  19  in.  rack  panel. 
Each  module  measures  0.750  in. 
high,  0.687  in.  wide  and  0.297  in. 
thick.  Circle  219  on  Reader  Service 
Card. 


For  dependable  electrical  char¬ 
acteristics  and  all-around  sat¬ 
isfaction  .  .  .  specify  these 
BLUE  CHIP  products,  true 
Partners  in  Performance  to  the 
fabulous  Electronic  Industry. 


A  MierwiMM  Cikl*  (Rukk«r  tr  rUttic) 

■  TV  Ln<-la  CakI* 

C  UUreaaaiiialtatUa  Cakl* 

D  MMM  lalarMMM.  Cakl* 

■  Plaalla  ShMM  Cakla  ‘  ' 


Accelerometer 

subminiaturized 

Humphrey,  Inc.,  2805  Canon  St., 
San  Diego,  Calif.  A  new  subminia¬ 
ture  accelerometer  with  potenti¬ 
ometer  pickoff  is  now  in  produc¬ 
tion.  The  LA29-0100  series  is 
only  1  in.  in  diameter  and  less 
than  li  in.  long.  It  is  ideal  for 
precision  inertial  sensing  in  mini¬ 
mum  space.  The  accelerometer 
employs  a  unique  integral  weight 
and  dry-gas  damper  combination. 
Simplified  design  with  minimum 


from  Wareftovt*  Stocks  in 

Atlinta  Charlsttt  Chickfo  Cinciniiatl 
Dallas  Datrait  Kaasas  City 
Us  Anialas  Minnaapalis  Philadalphia 
Rachastar  St.  Lauis  San  Francisca 
Saattia  Williamstawn 

Additional  Salon  OfFiett 
Bostan  Bridiaport  Clavaland 
Danvar  Pittshurtli 
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I 


a  new 


MM  microminiature 

RF  connectors 

IPC  introduces  Series  MM— a  complete 
line  of  microminiature  RF  connectors 
available  in  screw-type  and  slide-on 
coupling,  and  in  three  impedances: 

50,  73  and  90  ohms.  Interchangeable  with 
existing  subminiature  RF’s,  Series 
MM  connectors  offer  ten  new  reliability 
features  which  make  them  well 
worth  interchanging! 

10  New  Features 

1.  Simplified,  Positive  Cable  Clamp 

2.  Crimped  with  Standard  T  &  B  Too 

3.  Tough  Beryllium  Copper  Contacts 

4.  Captivated  Coupling  Nuts 

5.  Captivated  Contacts 

6.  Corrosion-Resistant  Plating 

7.  Teflon  Dielectrics 

8.  Firm  Cable  Strain  Relief 

9.  Exact  Electrical  Match  to  RG-/U  Cables 

10.  Cable  Assemblies,  Including  Potting 


A  Catalog  is  ready  for  your  use^write 


INDUSTRIAL  PRODUCTS  COMPANY 

Danbury,  Connecticut 

a  divUton  of 

AMPHENOL-BORC  ELECTRONICS  CORPORATION 


number  of  parts  reduces  cost  and 
improves  reliability.  It  is  avail¬ 
able  in  a  variety  of  acceleration 
ranges  and  potentiometer  charac¬ 
teristics  to  fit  various  require¬ 
ments.  Circle  220  on  Reader  Serv¬ 
ice  Card. 


Aluminum  Oxide 
high  purity 

Gulton  Industries,  Inc.,  212  Dur¬ 
ham  Ave.,  Metuchen,  N.  J.,  is  now 
marketing  aluminum  oxide  as  well 
as  formed  aluminum  oxide  shapes. 
It  is  being  offered  at  a  guaranteed 
purity  of  99.96  percent  with  aver¬ 
age  particle  size  measuring  0.2  and 
0.3  micron.  Some  of  its  applications 
include  vacuum  tube  cases,  radomes, 
antennas  and  high  temperature  elec¬ 
tronic  components.  Circle  221  on 
Reader  Service  Card. 


Crystal  Oscillator 
has  zero  warm-up 

Marconi  Instruments,  111  Cedar 
Lane,  Englewood,  N.  J.  A  new 
crystal  oscillator  has  stability  of 
±5  parts  per  million  over  the 
range  —20  C  to  +70  C  with  aging 
characteristic  of  less  than  ±0.2 
part  per  million.  Any  frequency  in 
the  range  4  me  to  16  me  can  be  sup¬ 
plied  and  multiple  frequency  units 
are  also  available.  Rugged  com¬ 
pact  construction  weighs  only  9  oz 
and  is  tested  to  withstand  acceler¬ 
ations  to  10  g.  Circle  222  on  Reader 
Service  Card. 


Counters 

transistorized 

Van  Der  Heem,  Ltd.,  P.O.B.  1060, 
The  Hague,  Holland,  announces  a 
line  of  transistorized  counters.  By 
using  semiconductor  devices  (tran- 
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sistors  and  diodes)  and  printed  cir¬ 
cuits  the  dimensions  have  been  re¬ 
duced  to  12  X  9  X  6.5  in.  and  the 
weight  to  about  12  lb.  The  instru¬ 
ments  count  up  to  999,999  with  a 
maximum  counting  speed  of  1,000,- 
000  per  sec.  Frequencies  up  to  1 
million  per  sec  can  be  measured. 
Time  intervals  can  be  determined  in 
units  of  l^sec  to  10  sec.  Circle  223 
on  Reader  Service  Card. 


Video  Monitor 
17-in.  screen 


Miratel  Inc.,  1080  Dionne  St.,  St. 
Paul,  Minn.,  announces  a  new  low 
cost  video  monitor  designed  for 
the  educational,  industrial  and 
broadcast  fields.  Model  L59B  fea¬ 
tures  a  90-deg  aluminized  kine. 
Unit  gives  better  than  500  line 
resolution  with  stable  vertical 
hold  circuitry  for  use  with  indus¬ 
trial  cameras.  Video  input  is  high 
impedance  looping  for  signal 
levels  of  0.5  to  1.5  v.  Price  is  $189. 
Circle  224  on  Reader  Service  Card. 

Hook-Up  Wire 
three  types 

American  Super-Temperature 
Wires,  Inc.,  2  W.  Canal  St.,  Winoo¬ 
ski,  Vt.,  is  producing  types  B,  C, 
and  D  extruded  polyvinyl  chloride 
hook-up  wire  to  conform  to  MIL-W- 
16878B  (Navy),  Temperature  rat¬ 
ing  is  —55  C  to  +105  C  continuous 
operation.  Type  B  wire,  rated  at 
600  V  is  being  produced  in  Awg 
sizes  32  through  16.  Type  C,  rated 
at  1,000  V,  is  available  in  Awg  sizes 
24  through  14.  Type  D,  rated  at 
3,000  V,  is  produced  in  Awg  sizes  24 
through  6.  Colors  conform  to  MIL- 
STD  104  and  spiral  striped  insula¬ 
tion  may  be  had  with  one  or  two 
tracers  on.  a  background  color. 
Circle  225  on  Reader  Service  Card. 


CHICAGO 

MILITARY  STANDARD  AUDIO 


Stocked  for  Immediate  Delivery 

Through  your  electronic  parts  distributor 


These  CHICAGO  transformers  are  designed  and  built  in  accord¬ 
ance  with  MIL-T-27A,  Grade  1,  Class  R  specifications,  maximum 
operating  altitude  50,000  feet,  minimum  life  expectancy  10,000 
hours.  They  are  housed  in  Military  Standard  Case  size  AJ  (IH'  x 
IVs'  X  2H')<  weighing  only  0.6  pounds. 


M.  S.  AUDIO  TRANSFORMERS 


Catalog 

No. 

MII.T-27A 

Pari  No. 

ApDlkaHmn 

1 

isni 

AMS-1 

MS- 90000 

P-P  Plato,  to 

Prt;  10,000  ohms  CT 

13  dbm. 

10 

P-P  Grid, 

Sa<i  90,000  ohnw  CT 

32,300  ohm  CT 

AMS-a 

MS-90001 

Una  to 

Pri:  600  ohm  CT 

Volco  Coil 

150  o^fVls 

2W 

Sect  4/8/ 16  ohms 

AMS.3 

MS-90002 

Una  to 

Prit  600  ohms  CT 

P-P  Grid, 

150  ohms 

13  dbm. 

Sa«:  133,000  ohm  CT 

AMS.4 

MS-90003 

Lino  to 

Pri.  600  ohm  CT 

Una 

130  ohm 

13  dbm. 

Sac.  600  ohm  CT 

150  ohms 

AMS-S 

M$-90004 

Singlo  Plato 

2W 

40 

to  Una 

AMS.« 

MS-9000S 

Single  Plete 

3W 

40 

to  Voka  Ceil 

Sect  4  8  / 16  ohms 

AMS-7 

MS-90004 

P-P  Plolo, 

Pri.  13,000  ohm  CT 

to  Una 

Sect  600  ohms  CT/ 150  ohms 

2W 

10 

AMS-t 

M$-90007 

P-f  Plates 

Pri.  34,000  ohm  CT 

1W 

20 

to  Une 

Sec;  600  ohms  CT/ 150  ohms 

AMS.* 

MS-90008 

P-P  Plates 

Pri.  60,000  ohm  CT 

3W 

20 

to  Une 

Sect  600  ohms  CT/ 150  ohms 

An  extensive  line  of  transistor  audio  transformers,  in  MS  cases 
are  also  available.  For  detailed  information  on  these  and  many 
Other  Chicago  Military  Standard  units,  write  for  Catalog  CTS-SS 


€Hl€AtiO  STANDARD  Transformer  Corporation 

3502  West  Addison  Street  •  Chicago  18,  Illinois 

Export  Sales:  Roburn  Agencies,  Inc.,  431  Greenwich  St.,  New  York  13,  N.Y, 
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COUCH  ». .. 

RUGGED  ROTARY  REUYS 


lAAPORTANT 

SKCIFICATIONS 

Cenlaeti:  AFOT  14  form  C) 

Sli*:  156"  0  X  V/,"  H 

Weight:  3.2  oi. 

Pull'In  pewar:  wotl 

Ambient  Tamparature: 

— 65*C  to  +125*C 
Vibration  Ratittonca; 

200,  5  to  2000  cpt 
Shock  Raiiitonca: 

750  operating 
2000  non-operating 


You  can  count  on  Couch  reloys 
to  measure  up  whenever  the 
ultimate  in  reliability  is  de¬ 
manded  under  severe  environ¬ 
mental  conditions.  A  unique, 
patented,  rotary  armature  de¬ 
sign,  and  exacting  quality  con¬ 
trol  procedures  are  but  two  of 
many  reasons  why  the  Couch 
family  of  relays  meets  or  ex¬ 
ceeds  the  requirements  of  MIL- 
R-5757,  MIL-R-6106,  and  MIL- 
R-25018. 


IVrita  for  evr  now  cototog  on  tha  full  Couch 
lino  of  ruggaif  rotary  ralayi. 


ORDNANCE  INC. 


3  Arlington  Stroot 


A  (ubtidiory  at  S.  H.  Couch,  Inc. 
North  Quiney,  Mass. 


Literature  of 
the  Week 

MATERIALS 

Silicones.  Dow  Corning  Corp., 
Midland,  Mich.  The  1959  ref¬ 
erence  guide  to  the  company’s  sili¬ 
cone  products  describes  what 
silicones  can  best  meet  the  needs 
of  a  variety  of  problems  ranging 
from  adhesives  to  release  agents, 
resins  to  rubbers,  dielectrics  to 
water  repellents.  Circle  250  on 
Reader  Service  Card. 

COMPONENTS 


Miniature  Transformers.  Micro- 
tran  Co.,  Inc.,  145  E.  Mineola  Ave., 
Valley  Stream,  N.  Y.  A  short  form 
catalog  lists  complete  specifica¬ 
tions  on  the  company’s  miniature, 
subminiature,  transistor,  MIL-T- 
27A  and  industrial  transformers. 
Circle  251  on  Reader  Service  Card. 

Synchro  Coupling.  Theta  In¬ 
strument  Corp.,  48  Pine  St.,  East 
Paterson,  N.  J.  Discussed  in  a  new 
technical  bulletin  are  the  special 
problems  associated  with  coupling 
a  synchro  under  test  to  a  precision 
agular  divider.  Circle  252  on 
Reader  Card. 

LVDT’s.  Schaevitz  Engineering, 
Route  130  &  Schaevitz  Blvd., 
Pennsauken,  N.  J.,  has  made  avail¬ 
able  new  literature  on  the  applica¬ 
tions  of  linear  variable  differential 
transformers.  Circle  253  on 
Reader  Service  Card. 

Magnetic  Amplifiers.  Vickers, 
Inc.,  1815  Locust  St.,  St.  Louis, 
Mo.  Bulletin  E  PD  1296-5  gives 
full  specifications  on  the  new  1290 
series  Super  Power  gapless  core 
magnetic  amplifiers.  Circle  254  on 
Reader  Service  Card. 

Pulse  Transformers.  PCA  Elec¬ 
tronics,  Inc.,  16799  Schoenborn 
St.,  Sepulveda,  Calif.  A  24-page 
catalog  covers  a  brief  history  of 
low-level  pulse  transformers,  their 
measurements,  specifications,  ap- 
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plications,  interchangeability,  di¬ 
electric  ratings,  manufacturing, 
and  other  data.  Circle  255  on 
Reader  Service  Card. 


A  SECOND 
IS  AN 

# 


Printed  Wiring  Design.  Rowe 
Engravers,  262  E.  16th  St.,  Pater¬ 
son  4,  N.  J.  Printed  wiring  design 
criteria  are  featured  in  an  illus¬ 
trated  catalog,  E-11.  Standardized 
definitions  and  military  design 
standards  are  presented.  Catalog 
is  available  on  letterhead  request. 


EQUIPMENT 

Digital  Shaft  Angle  Encoder. 
Dychro  Corp.,  12  Centre  Ave., 
Newton  58,  Mass.  A  four-page 
folder  describes  the  design,  op¬ 
eration  and  applications  of  the 
Dychroverter  digital  shaft  angle 
encoder.  Circle  256  on  Reader 
Service  Card. 

Sweeping  Oscillator.  Kay  Elec¬ 
tric  Co.,  Maple  Ave.,  Pine  Brook, 
N.  J..  A  recent  mailing  piece  de¬ 
scribes  the  Magna-Sweep,  an  all 
electronic  1,000  me  sweeping  oscil¬ 
lator.  Circle  257  on  Reader  Serv¬ 
ice  Card. 

Tv  Monitoring  Equipment.  Vis¬ 
ual  Electronics  Corp.,  342  W.  40th 
St..  New  York  18,  N.  Y.  A  new 
catalog  contains  information  on  a 
complete  line  of  picture  monitors, 
a  waveform  monitor  and  a  tv 
tuner.  Circle  258  on  Reader  Serv¬ 
ice  Card. 


*  ^  < 


at  C.E.C. 

where 

microtime 

manipulation 
■is  at  an 
advanced  state 
of  the  art 


CUSTOM  AND  ^TANDARD 

DELAY  LINES 

Control  Electronics  Co.,  Inc.,  is  a  leading  designer  and  mass 
producer  of  electromagnetic  Delay  Lines.  A  representative  group 
IS  shown  here  with  the  available  ranges  of  delays,  bandwidthsi 
and  impedances.  Furthcii  information  is  readily  available  from 
our  Engineering  Dept. 

BUILT  TO  MIL  SPECS  FAST  PROTOTYPE  SERVICE... DELIVERY  1  TO  3  WEEKS 


Distributed  Constant 
Delay  Lines 


CEC  DISTRIBUTED  CONSTANT  DELAY 
LINE  FEATURES 

•  Lowest  cost  —  reliable  performance 

•  Maiimum  delay  to  rise  time  ratios 

•  Maiimum  delay  per  cubic  inch 

•  Delays  to  30  secs. 

•  Impedances:  200  to  10,000  " 

•  Bandwidths  to  20  mes 

•  Linear  phase  shift 


Variable  Delay  Lines 


Lumped  Constant 
Delay  Lines 


Multi  tapped  Lumped 
Constants  available  in 
many  confi£urations 

DELAYS  TO  20,000  MICROSECCNOS 
BANDWIDTHS  to  500  MCS 
Zo  FROM  50  TO  10.000  OHMS 


Antenna  Pattern  Analyzer. 
Weinschel  Engineering,  10503  Met¬ 
ropolitan  Ave.,  Ken.sington,  Md. 
Bulletin  141  illustrates  and  des¬ 
cribes  the  model  BA-7  antenna 
pattern  analyzer.  Circle  259  on 
Reader  Service  Card. 


FACILITIES 

Digital  Instrumentation.  Frank¬ 
lin  Electronics  Inc.,  Bridgeport, 
Pa.,  has  published  literature  offer¬ 
ing  a  complete  digital  instrumenta¬ 
tion  engineering  service  for  the 
electronic  and  missile  industries. 
Circle  260  on  Reader  Service  Card. 


i  " 

L 

Infinite,  incremental  or  decade 
variable  delay  Hines  available  in 
any  range  of  delays  and  mpe 
dances. 


Over  275  standard 
Lumped  Constant  Delay 
Lints  available 


System  Delay  Lines 


U 


Ccmplete  delay  and  pulse  systems 
designed  to  your  needs 

Specialists  in  Microtime 


J 


CONTROL  ELECTRONICS  CO.,  INC. 

Ten  Slepar  Place,  Huntington  Station,  New  York 


NOTE;  Data  Sheets  on  request 
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PLANT  LOCATION  QUIZ 


Where  have 
3  major  taxes 
on  manufacturing 
industry  been 
eiiminated? 


W 


In  addition  to  this  favorable  tax  climate, 
WEISTem  PENNsylvania  communities  offer 
100%  plant  financing  at  low  interest  rates; 
ample  skilled  and  semiskilled  workers— and 
will  help  you  get  them;  excellent  transporta¬ 
tion  facilities — including  three  navigable  riv¬ 
ers  for  cheap  bulk  tnmsport;  and  many 
other  advantages. 

A  West  Penn  Plant  Location  specialist  will 
provide  you  with  detailed  studies  of  specific 
community  labor  pools  and  other  Plant  Lo¬ 
cation  factors.  Write  today. 

TODAY  _ 


WEST  PENN'POWER 

an  oparatinc  unit  of  tba  WEST  PENN  ELECTRIC  SYSTEM 


WESTrn>  \ 

feniVumI 


WEST  PENN  POWER,  Area  Development  Department, 
Cabin  Hill,  Greensburg,  Pennsylvania 

Yes,  I’m  interested  in  WESTem  PENNsylvania; 

□  Please  contact  me  in  strict  confidence.  Phone _ 

G  Please  send  booklet,  “Plant  Location  Services.’’ 

Name _ 'Title _ 


Company. 
City _ 


.Zone _ Stat 
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NEW  BOOKS 

Travel ing-Wave  Tubes 
Part  II,  of  Einfuhrung  in  die 
Mikrowellen-Elektronik 

By  W.  KELLEN  and  K.  POSCHL 

S.  Hirzel  Verlag,  Stuttgart,  Ger¬ 
many,  1958,  192  p,  DM  28. 

The  tube  engineer  who  reads  or 
can  manage  to  understand  techni¬ 
cal  German  will  find  himself  re¬ 
warded  by  this  volume  on  traveling- 
wave  tubes  by  Prof.  Kleen  and  Dr. 
Poschl. 

The  mathematical  and  physical 
background  for  microwave  elec¬ 
tronics  is  developed  in  the  first 
volume,  which  was  not  available  to 
this  reviewer;  the  second  volume, 
however  may  be  read  independently, 
assuming  a  general  familiarity  with 
the  theory  of  interaction  between 
electron  beams  and  electromagnetic 
fields. 

TWT  Small-Signal  Theory  — 
After  a  brief  qualitative  survey, 
the  small-signal  theory  of  the 
traveling-wave  tube  is  developed. 
The  development  is  in  terms  of  field 
theory  and  the  results  are  presented 
in  numerous  curves  for  various 
values  of  the  pertinent  parameters. 
This  treatment  should  be  very  use¬ 
ful  to  the  designer  of  traveling- 
wave  tubes. 

The  third  chapter  deals  with 
noise  in  traveling-wave  tubes,  the 
calculation  of  noises  figure  and  the 
design  of  minimum  noise  figure 
tubes.  Nonlinear  behavior  is  the 
subject  of  the  fourth  chapter  in 
which  the  work  of  Rowe  and  Tien 
and  Cutler  are  reported  and  com¬ 
pared.  The  final  chapter  in  this  first 
half  discusses  measurements  and 
applications  of  traveling  wave 
tubes;  specific  examples  of  tubes 
are  reported  and  some  of  the  prac¬ 
tical  problems  of  matching  and  at¬ 
tenuation  are  discussed. 

Special  'Types — The  second  half 
of  the  book  is  devoted  to  special 
types  of  traveling-wave  tubes. 

Chapter  six  deals  with  backward- 
wave  oscillators  in  various  geom¬ 
etries.  Chapter  seven  discusses  elec¬ 
tron-wave  tubes  and  chapter  eight 
treats  the  resistive-wall  amplifier. 
The  last  chapter  discusses  special 
forms  of  traveling-wave  tubes,  the 
transverse  field  tube,  the  transverse 
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electron  tube  and  a  Cerenkov  radia¬ 
tion  tube. 

Two  appendices  deal  with  the 
helix  as  a  periodic  structure  and 
beam  focusing  with  axially  sym¬ 
metric  magnetic  fields.  —  Morris 
Ettenberg,  Polytechnic  Institute 
of  Brooklyn,  Brooklyn,  N.  Y. 


Transform  Method  in 
Linear  System  Analysis 

By  JOHN  A.  ASELTINE 

McGraw-Hill  Book  Co.,  New  York, 
1958,  299  p,  $8.50. 

This  welcome  addition  to  the 
McGraw-Hill  series  in  Electrical 
and  Electronic  Engineering  de¬ 
scribes  an  interesting  excursion 
through  the  realm  of  linear  analysis 
via  the  transform  method.  Written 
as  a  senior-graduate  level  test,  it 
precludes  that  the  reader  is  rather 
familiar  with  the  classical  solution 
of  linear  differential  equations  to 
fully  appreciate  the  advantages  that 
may  accrue  by  utilizing  transform 
techniques.  Although  concise  and 
fleeting  in  spots,  the  volume  is  very 
well  written  and  easy  to  read.  It 
manages  to  get  across  many  com¬ 
plicated  concepts  in  a  very  clear 
manner. 

In  addition  to  properties  and  pro¬ 
cedures  involving  the  Laplace  trans¬ 
form,  inverse  transform,  Fourier 
series,  Fourier  transforms,  Z  trans¬ 
forms  and  Mellin  transforms,  useful 
knowledge  is  de.scribed  relating  to 
the  analysis  of  electrical  networks, 
mechanical  systems  and  feedback 
systems.  Special  emphasis  is  made 
of  the  impulse  function,  the  system 
function  and  random  inputs.  There 
are  numerous  illustrative  examples 
throughout  the  text. 

The  book  is  well  suited  as  a  class¬ 
room  and  reference  text  as  it  covers 
a  great  number  of  topics  and  each 
chapter  has  many  interesting  prob¬ 
lems.  However,  minor  attempts  are 
made  to  augment  the  abstract  math¬ 
ematical  operations  with  visual  in¬ 
terpretations.  Also,  references  to 
other  works  are  sparsely  presented. 
Despite  these  few  shortcomings,  the 
book  should  prove  to  be  of  un¬ 
doubted  value  to  many  readers. — 
Anthony  B.  Giordano,  Polytech¬ 
nic  Institute  of  Brooklyn,  Brooklyn, 
N.  Y. 


•  Compact 

•  Efficiont 

•  Ruggod 

•  Vorsatilo 


BIG  TUBE 
PERFORMANCE 


EG&G’s  ceramic-metal  hydrogen  thyratron  tube  —  l/7th  the  volume  of  the 
I  5948/1754  —  enables  extremely  compact  modulator  design.  The  1802  weighs  but  2.07 
I  pounds,  with  height  of  5%  inches  and  diameter  3%  inches. 

The  EG&G  1802  —  designed  to  operate  at  high  power  levels,  high  repetition  rates 
!  and  high  temperatures  —  can  be  mounted  in  any  position. 

It  also  features  low  cathode  input  power,  low  trigger  drive  requirements,  fast 
warmup  and  low  jitter.  Rapid  recovery  allows  operation  at  repetition  rates  above  50,000 
{  pulses  per  second. 


The  1802  has  withstood  500g  shock 
and  2000  cps  vibration  at  lOg. 
Ceramic-metal  construction  permits 
envelope  temperatures  to  400*0, 
ambient  temperatures  to  125*C. 


MIL-ACCEPTANCE  TESTING: 

Peak  Anode  Voltage  (epy)  25KV 

Peak  Anode  Current  (ib)  1000  amps] 

Average  Anode  Current  (Ib)  1.5  amps  -L 
RMS  Current  (Irms)  40  amps 

Pb  Factor  (epy  xibxprr)  20x10* 


Individual  ratings  can  be  exceeded  by  derating  other  conditions.  Thus  the  EG&G 
1802  has  been  operated  at  30KV  anode  voltage,  or  at  2000  amperes  anode  current,  or 
at  a  Pb  factor  of  50  x  10*. 


PRODUCTION  QUANTITIES  AVAILABLE 


For  additional  technical  data  or  other  information,  please  write  tO; 

EDGERTON,  GERMESHAUSEN  &  GRIER,  INC. 

160  BROOKLINE  AVENUE,  BOSTON  IS,  MASS.  •  1622  SOUTH  "A’*  STREET.  LAS  VEQAS,  NEV. 
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PLANTS  AND  PEOPLE 


Trio  Labs  Expands  Fourfold 

Trio  Laboratories,  Inc.,  designers  and  manufacturers  of  miniature  pre¬ 
cision  electronic  instruments,  recently  moved  to  new  and  larger  quarters 
at  Plainview,  L.  I.,  N.  Y,  The  building  comprises  16,000  sq  ft  of  space 
and  represents  over  a  fourfold  expansion  of  facilities. 

Founded  in  1953  by  three  engineers  who  were  among  pioneers  in 
designing  miniaturized,  precision  electronic  instruments — especially  for 
panel-mounting  or  integration  into  operational  equipment  as  well  as  test 
systems  and  consoles — the  company  has  enjoyed  a  steady  controlled 
growth.  This  is  the  fourth  move  in  its  five-year  history. 

Company  has  developed  a  substantial  line  of  products  in  the  test  and 
instrumentation  fields.  They  include  vtvm’s,  phase  meters,  null  meters, 
auxiliary  power  supplies  and  many  other  special  units  in  the  measuring/ 
monitoring  field,  most  all  of  which  embody  the  principle  of  build-in 
applications. 

Nearly  half  the  new  building’s  area  is  sound  conditioned  and  divided 
into  work  areas  for  product  engineering,  R&D  and  general  office  opera¬ 
tions.  New  environmental  test  facilities  are  included  to  perform  tests 
during  product  development. 

The  manufacturing  area  is  organized  for  efficient  production  flow. 
Segregated  machine  shop  and  dust-controlled  meter  areas  are  on  opposite 
sides  of  the  mechanical  and  electrical  assembly  sections,  along  with 
separate  calibration,  aging  and  final  inspection  areas,  resulting  in  rapid, 
efficient  production  of  quality  products. 

The  new  building,  on  a  2-acre  site,  offers  ample  expansion  area  for  all 
phases  of  growing  operation. 


Vitro  Readjusts 
Management 

Frank  B.  Jewett,  Jr.,  has  been 
elected  executive  vice-president  of 
Vitro  Corp.  of  America,  New  York 
City.  A  Vitro  vice-president  for 
three  years,  he  succeeds  Albert  G. 
Noble,  who,  as  a  vice  president  of 
the  corporation,  will  devote  his 
efforts  to  Vitro’s  R&D  in  the  field 
of  national  defense,  and  the  estab¬ 
lishment  of  a  weapon  systems  group 
of  Vitro  companies. 

At  the  same  time  William  B.  Hall 
was  made  a  vice-president  of  the 
corporation.  He  has  been  president 
of  Vitro  Uranium  Co.,  and  will  now 
assume  charge  of  the  Vitro  com¬ 
panies  engaged  in  chemical  and 


metallurgical  operations,  which  in¬ 
clude  Vitro  Uranium,  Vitro  Rare 
Metals  Co.,  Vitro  Mfg.  Co.,  Berk¬ 
shire  Chemicals,  Inc.  and  Heavy 
Minerals  Co.  He  will  remain  vice- 
president  of  Vitro  Minerals  Corp. 

Behringer  Joins 
General  Time 

The  newly  created  position  of  man¬ 
ager  of  market  development.  Gen¬ 
eral  Time  Laboratories,  N.  Y.  C., 
was  recently  occupied  by  Robert  W. 
Behringer.  In  this  post  he  will  be 
responsible  for  General  Time  Cor¬ 
poration’s  Incremag  program. 

Behringer  was  formerly  asso¬ 
ciated  with  Ebasco  Services  Inc. 
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Maher  Advances 
At  Philco  Plant 

William  F.  Maher  was  recently 
appointed  manager,  military  and 
industrial  sales,  for  the  Lansdale 
Tube  Co.,  division  of  Philco  Corp., 
Philadelphia,  Pa. 

He  has  been  associated  with 
Philco  since  1948,  when  he  joined 
the  company’s  engineering  depart¬ 
ment.  In  1951  he  was  transferred 
to  Philco’s  Government  and  In¬ 
dustrial  sales  with  responsibility 
for  Government  contract  adminis¬ 
tration  and  negotiation.  He  joined 
Lansdale  Tube  Co.  in  1953,  taking 
charge  of  military  tube  sales,  and 
became  manager  of  Government 
sales  for  tubes  and  semiconductors 
in  1955. 


Elect  Lewis 
To  Top  Post 

Recently  elected  president  of  Syl- 
vania  Electric  Products  Inc,  is 
Robert  E.  Lewis.  He  was  previously 
a  senior  vice  president  of  the  com¬ 
pany. 

As  president,  Lewis  succeeds  Don 
G.  Mitchell,  who  will  continue  as 
chairman  of  the  board. 

RCA  Names  Bain 
Vice  President 

Election  of  Walter  G.  Bain  as  vice 
president,  Washington  Office,  De¬ 
fense  Electronic  Products,  RCA,  is 
announced. 

In  his  new  position,  he  will  have 
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TANTALUM 


The  tens  of  millions  of  tantalum  capacitor^ 
put  into  sen’ice  since  1949  pay  tribute  to  tlu} 
man  who  made  tantalum  possible. 

The  late  Dr.  Clarence  W.  Balke,  Fansteel’s  Direc¬ 
tor  of  Research,  produced  in  1922  the  first  tantalum 
"ingot"  ductile  and  malleable  enough  to  be  rolled 
into  sheet  or  drawn  into  wire. 

Dr.  Balke,  with  his  research  group,  then  began 
to  look  closer  at  the  unique  properties  of  tantalum, 
to  discover  new  uses.  One  of  his  experiments  with 
current  flow  between  tantalum  plates  immersed  in 
an  electrolyte  resulted  in  the  development  of  the 
tantalum-lead  (Balkite)  rectifier.  In  his  laboratory 
log  entry  dated  December  1,  1922,  Dr.  Balke  wrote: 
“. . .  In  addition  to  functioning  directly  as  a  rec¬ 
tifier  . . .  apparatus  built  along  similar  principles 
may  be  used  for  electrolytic  condensers . . .” 

Thus  emerged  the  first  tantalum  capacitors  and 
Fansteel  had  them  on  the  market  by  1930— princi¬ 
pally,  in  telephone  service.  One  model  used  elec¬ 
trodes  of  crimped  tantalum  sheet  in  a  cell  about 
the  size  of  a  pint  fruit  jar,  providing  800  mfd.  at 
24  volts.  Another  used  coiled  electrodes  welded  to 
tantalum  rods.  The  tantalum  capacitor  did  a  good 
job  in  those  days,  but  it  was  unwieldy  and  expen¬ 
sive.  Fansteel  scientists  later  developed  a  way  to 
eliminate  expensive  sheet  metal  and  still  retain 
large  capacity  characteristics,  stability,  and  ex¬ 
tremely  long  life  of  the  tantalum  capacitor. 

Porous  tantalum  electrodes,  made  from  powder, 
compacted  around  tantalum  wires,  resulted  in  an 
anode  which  exposed  a  great  amount  of  surface  to 
the  electrolyte.  This  type  capacitor  first  operated 
as  a  railway  signal  surge  arrester.  Single  high-peak 
voltage  surges,  caused  by  lightning,  momentarily 
break  down  the  tantalum  oxide  film,  but  as  soon  as 
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the  surge  voltage  disappears,  the  oxide  film  heals 
and  re-forms  immediately. 

ENTER  THE  TRANSISTOR 

Shortly  after  World  War  II  the  Bell  Telephone 
Laboratories  introduced  the  transistor  which 
started  the  age  of  miniaturization  in  electronic 
compionents.  In  1949  we  were  asked  to  produce 
a  Tantalum  Capacitor  of  4  mfd.,  60  wvdc  to 
occupy  a  space  of  less  than  one-tenth  cubic  inch 
and  with  a  life  expectancy  of  30  years.  Commercial 
production  began  that  same  year. 

The  result  of  this  development  was  the  Fansteel 
"PP"  Typie  Tantalum  Capacitor  now  made  in  a 
wide  range  of  sizes  and  ratings.  As  this  is  written, 
more  than  twelve  million  capacitors  of  this  type 
have  been  put  into  service. 

Along  with  this  major  development,  Fansteel 
metallurgists  created  the  first  tantalum  made  espe¬ 
cially  for  capacitor  use— Fansteel  Capacitor  Grade 
Tantalum. 

Using  Fansteel  Capacitor  Grade  Tantalum  in 
your  capacitors  is  taking  full  advantage  of  Fansteel’s 
experience.  It’s  your  assurance  of  only  the  finest 
tantalum  made  expressly  for  capacitors— a  premium 
tantalum  by  the  world’s  foremost  producer. 
Fansteel  Metallurgical  Corporation,  Rectifier- 
Capacitor  Division,  North  Chicago,  Illinois. 
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NOW!  NYLON  NUTS 
AND  SCREWS 


•  Telrex  is 
equipped  to  design 
and  supply  to 
our  specifications 
or  yours,  Broad¬ 
band  or  single 
frequency,  fixed  or 
rotary  arrays  for 
communications, 


COMMERCIAL  SERVICE 
BEAMED-POWER’*  ARRAYS 
AND  TWO-WAY  SYSTEMS 


Model  llluatrataa  a  wide- 
spaced,  12  alamant  circular 
polarized  optimum-tuned 
skewed  dipole  "SPIRALRAY” 
antenna.  Provides  unusually 
hiph  pain,  even  response,  in 
air  polarization  planes,  verti¬ 
cal,  horizontal  or  oblique 
with  unusually  high  signal- 
to-noise  ratio. 

NO  OTHER  CIRCULAR  PO¬ 
LARIZED  ARRAY  known  to 
the  art  today  can  provide  tha 
linear  high  gain  and  signal- 
to-noise  ratio  in  all  radiation 
planes. 

Tha  ideal  antenna  for  missile 
tracking,  telemetering  and 
no-fada  response  to  mobile 
(or  moving)  stations. 

Models  available  to  extend 
the  practical  range  of  2-Way 
Communication  Systems. 


FM,  TV,  scatter- 
I  propagation,  etc.  r^  ^l 

•  Consultants  ; :  ■ 

and  suppliers  ’  „ 
^^to  communication  ^ 
P* firms,  universities, 

^  propagation  ,  ^ 
c  laboratories  and 
the  Armed  Forces.  ^ 


Model  Illustrated: 
No.  SY  12-104-110 


Electrical  Saaclflcatlaat -Model  No. 
SY-12-104-110:  Polarization,  circular, 
linear  within  ^  db.  Gain  13  db.  F/B- 
Ratlo  30  db.  V/S/W/R  (50  ohm 
cable)  1.1/1.  Baamwidth  at  half 
power  points  33  deirees.  Max.  power 
input  300  w,  with  "Baiun"  supplied. 
Machanical  Ipaclficatioas:  Boom 
diameter  2*  O.D.  x  25  ft.  All  alumi¬ 
num  boom  and  elements.  Weight  ap- 

Rrox  25  lbs.  Rated  wind-load  90  mpn. 

0  Ice  load  Available  for  120  mph 
wind  load.  (Model  No.  MSY-104-110). 


Model  SY-12-104-11 

$2M.OO 

Model  MSY-104-110 
S3BO.OO 
(f.a.b.  Aibvry 
Pork,  N.  J.) 


Communication  and  TV  Antannas 


ANTENNAS 


LABORATORIES 


SINCE 

1921 


ASBUirV'  PARK  44,  NEW  UERSEY.  U.S.A. 


responsibility  for  maintaining  rela¬ 
tions  with  U.  S.  defense  agencies, 
assisting  in  major  defense  contract 
negotiations  and  directing  the  ac¬ 
tivities  of  Defense  Electronic  Prod¬ 
ucts  unit's  Washington  office. 

Since  1954,  Bain  has  been  vice 
president  and  general  manager  of 
Republic  Aviation  Corp.,  Farming- 
dale,  L.  I.,  N.  Y. 

Palo  Alto  Firm 
Hires  Teichner 

Appointment  of  Robert  W.  Teich¬ 
ner  to  the  technical  staff  of  Shock- 
ley  Transistor  Corp.,  Palo  Alto, 
Calif.,  is  announced.  His  initial  re¬ 
sponsibilities  will  include  the  de¬ 
velopment  of  precision  techniques 
for  semiconductor  devices  which  are 
closely  related  to  printed  circuit 
techniques  found  in  other  branches 
of  electronics. 

Teichner  was  formerly  with  the 
Mergenthaler  Linotype  Co.  as  chief 
chemist  of  the  lithographic  chem¬ 
istry  department. 


Airpax  Changes 
Company  Name 

The  board  of  directors  of  The  Air- 
pax  Products  Co.  has  announced 
that  the  new  corporate  name  of  the 
company  will  be  Airpax  Electronics 
Inc.  Firm  is  located  in  Cambridge, 
Md.,  and  Ft.  Lauderdale,  Fla. 


Stavid  Appoints 
Engineering  Mgr. 

Robert  E.  Williams  has  been 
named  manager  of  the  airborne 
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electronics  department  at  Stavid 
Engineering,  Inc.,  Plainfield,  N.  J. 
He  was  formerly  project  manager 
in  the  same  department. 

From  1946  to  1954  Williams  was 
a  project  engineer  at  the  Naval 
Ordnance  Plant,  Indianapolis,  where 
he  received  the  Naval  Civilian 
Meritorious  Service  Award  for  his 
work  in  the  development  and  modi¬ 
fication  of  various  types  of  radar 
equipments.  Later  he  was  head  of 
radar  and  fire  control  projects  at 
the  Magnavox  Co.,  and  joined 
Stavid  in  1957  as  project  manager 
of  a  major  bombing  radar  system. 

News  of  Reps 

Mid-Eastern  Electronics,  Inc., 
Springfield,  N.  J.,  has  appointed 
Michael  S.  Coldwell,  Inc.,  of  Hart¬ 
ford,  Conn.,  representative  for  its 
line  of  ultrahigh-resistance  meas¬ 
uring  instruments,  power  supplies 
and  special  test  equipment  in  all 
of  New  England. 

Continental  Mfg.,  Inc.,  Omaha, 
Nebraska,  has  appointed  two  new 
reps : 

Bray  &  Carter,  Los  Angeles, 
cover  southern  California  and 
Arizona. 

Robert  C.  Hammond  of  Hopkins, 
Minn.,  will  handle  the  territory  of 
Minnesota,  North  and  South  Da¬ 
kota,  and  western  Wisconsin. 

Lindly  &  Co.,  Mineola,  N.  Y., 
names  Arthur  T.  Hatton  &  Co.  of 
West  Hartford,  Conn.,  and  Newton- 
ville.  Mass.,  to  handle  its  equip¬ 
ment  in  Maine,  New  Hampshire, 
Massachusetts,  Connecticut,  Ver¬ 
mont  and  Rhode  Island. 

Radiation  Counter  Laboratories, 
Inc.,  Skokie,  Ill.,  names  M.  J. 
Seavy  &  Sons,  New  York  City,  as 
reps  for  its  complete  line  of  radia¬ 
tion  counters,  instruments  and  an¬ 
alyzers  for  New  York,  New  Jersey, 
Delaware,  eastern  Pennsylvania, 
and  Fairfield  County,  Conn. 

Menlo  Park  Engineering,  Menlo 
Park,  Calif.,  manufacturer  of  micro- 
wave  instrumentation,  announces 
appointment  of  the  Airep  Engi¬ 
neering  Co.  of  Dallas,  Texas,  as 
its  sales  reps  in  the  Texas,  Okla¬ 
homa,  Arkansas  and  Louisiana 
area. 


HUNDRED  MILLION 
MEDOHMMETER 


Type  IM  5 


This  new  Hundred  Million 
Megohmmeter 
offers  high  stability, 
large  easy  to  read  scale 
and  simplicity  of  operation. 

Fast  charge  and 
automatic  discharge 
networks  permit  fast  and 


safe  measurements  on 


capacitors. 


Built-In  leakage- 
current  guard. 


L^,:e 


"r-  -  Q-  . 

•'  fl- 


USEFUL  RANGE:  1  MEGOHM  TO  100  MILLION  MEGOHMS 
S  TEST  VOLTAGES:  90.  100,  200,  900,  AND  1000  VOLTS  d.c. 
Meter  scale  calibrated  from  1  to  100  Megohms  with  7  range 
multipliers:  x1,  xIO, . .  xIO^. 

Accuracy  at  full  scale  deflection  from  2%  to  9%  depending  on  range. 

Radiometer,  a  leading  Scandinavian  instrument  manufacturer  with  a 
world  wide  service  organisation,  offers  a  line  of  50  different  instru¬ 
ments  such  as:  AF-OSCILLATORS 

R-L-C  BRIDGES 

STANDARD-SIGNAL  GENERATORS 
VACUUM-TUBE  VOLTMETERS 
WAVE  ANALYZERS 
ELECTROCHEMICAL  INSTRUMENTS 

Write  for  complete  Information. 

RADIOMETER 

72EMDRUPVEJ  COPENHAGEN  NV  DENMARK 

Represented  in  the  United  States  by 

WELWYN  I  NT.  INC.  3358  Edgecliff  Terrace  Cleveland  11  Ohio 

Represented  In  Canada  by 

BACH-SIMPSON  London/Ontario 
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COMMENT 


Design  for  Ham’s  Nirvana 

A  critical  study  of  developments 
in  the  communfcations  field  shows 
one  parameter  in  the  design  of  new 
equipment  that  is  being  neglected. 
Papers  at  recent  IRE  symposiums 
show  no  consideration  of  this  prob¬ 
lem;  recent  R&D  contracts  indicate 
no  thought  on  the  Pentagon’s  part. 
Yet  this  is  a  matter  of  vital  concern 
to  us  all. 

I  refer  to  the  conversion  of  com¬ 
munications  equipment  to  ham  use 
when  it  becomes  surplus.  Surely  we 
have  enough  experience  by  now  to 
make  us  realize  this  a  major  over¬ 
sight  on  the  part  of  design  en¬ 
gineers. 

I  think  it  is  mandatory  that  all 
receivers  be  immediately  converti¬ 
ble  to  ham-band-only  use.  Conver¬ 
sion  should  be  accomplished  by  the 
flick  of  a  switch,  located  preferably 
on  the  front  panel.  Under  no  cir¬ 
cumstances  should  it  be  necessary 
to  remove  the  chassis  from  the  case. 

Transmitters,  mobile  or  fixed, 
should  also  be  readily  convertible. 
Use  in  all  bands  from  160  to  2 
meters  should  require  no  more  than 
the  substitution  of  a  dial.  Two 
power  outputs  should  be  available: 
74  and  999  watts.  Automatic  con¬ 
trol  should  be  provided  to  prevent 
California  kilowatts. 

With  the  advent  of  jet  aircraft, 
there  arises  a  pressing  requirement 
for  a  prop-pitch  motor  for  use  as  an 
antenna  rotor.  This  problem  is  not 
wholly  the  electronic  engineer’s  re¬ 
sponsibility;  the  manufacturer  of 
jet  engines  must  help  figure  out  a 
way  to  put  the  equivalent  of  a  prop- 
pitch  motor  somewhere  in  his  en¬ 
gine.  The  idea  that  such  a  piece  of 
equipment  may  not  be  necessary  is 
not  to  be  tolerated ;  design  problems 
can  be  overcome  with  suitable  in¬ 
genuity. 

These  suggestions  are  offered  to 
ensure  that  suitable  surplus  equip¬ 
ment  will  result  from  today’s  and 
tomorrow’s  designs. 

Are  the  Russians  to  be  first 
again? 

Stephen  W.  Gibson 
Fairfax,  Va.  ^ 

May  we  add  a  suggestion?  De¬ 
signers  of  helical  antennas  should 


mlcrodot 

micro-miniature  coaxial  cables 


Microdot  now  offers  you  the  most  complete  line  of 
micro-miniature  cables  for  design  application  and 
solution.  More  than  50  cables  to  choose  from. 
Immediate  delivery  from  our  two  plant  locations. 


OPERATING  TEMPERATURES  165'F  TO  4S0‘F 

Certain  cables  constructed  to  MIL.  STD.  17-B.  “Mininoise”®  50  ohm  low 
noise  coaxial  cable  treated  to  nearly  eliminate  self-generated  cable  noise. 


220  PASADENA  AVENUE,  SO.  PASADENA,  CALIFORNIA 


MICRODOT  MICRO- MINIATURE 
CONNECTORS  FIT  ALL  MICRODOT  CABLES 
send  for  free  cable  brochure 

2  CABLE  LOCATIONS  TO  SERVE  YOU 

MICRODOT  INC.  220  Patadtna  Ava.  Sa.  Patadtna,  Califarnia 
MICRODOT  INC.  Micradat  Cabla  Maaafactariai  Divislaa  Elm  City,  Narth  Caralina 
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COAXIAL  CABLES 

7RIAXIAL 

TWINAX 

IMPEDANCE 

.  IMPEDANCE 

IMPEDANCE 

50  ohm 

50  ohm 

120  ohm 

70  ohm 

93  ohm 

160  ohm 

75  ohm 

— 

- -  , 

93  ohm 

— 

— 

95  ohm 

— 

— 

Krohn-Hite 


Where  only  the  best  is  good  enough 
. . .  you’ll  see 


consider  incorporating  the  facility^ 
for  quick  conversion  to  a  hula 
hoop.  And  just  think  how  much 
labor  and  money  might  be  saved 
if  some  of  the  big  tropo  reflectors 
could  quickly  and  easily  be  con¬ 
verted  to  curved  screens  for  drive- 
in  theaters.  It’s  a  whole  new  field: 
conversion  engineering.  Reason 
totters! 


Flashing  Lights 

We  have  read  with  great  interest 
your  recent  article  “Instruments: 
Key  to  Missile  Programs”  (Jan.  16, 
p  47),  and  would  like  to  think  that 
the  “intense  flashing  lights”  re¬ 
ferred  to  are  ours.  (“Highly  ac¬ 
curate  ballistic  plate  cameras  .  .  . 
record  the  image  of  an  intense 
fla.shing  light  aboard  the  missile 
again.st  the  background  of  star 
trails,”  p  50.) 

James  V.  Daniels 
Kemlite  Laboratories 
Chicago 


Opaque  Airfoil 

B-mews  this  a  while:  what  if  the 
Russians  come  up  with  a  radar- 
opaque  airfoil? 

M.  Kigan 

New  York 

We  feel  that  reader  Kigan  means 
a  radar-transparent  airfoil,  since 
only  such  a  foil  would  be  nonre- 
flective.  And  such  things  already 
exist:  we  have  a  missile  and  some 
other  aircraft  which  are  made  of 
materials  that  do  not  reflect  r-f 
energy.  The  thought,  in  fine,  does 
not  b-mew’s  us  at  all. 


electronic  instruments 


In  basic  electronic  instruments  for  lab  or  test  work,  less  than  the 
best  may  be  a  dangerously  bad  bargain.  Unexpected  limitations  — 
of  reliability,  range,  precision  —  can  throw  out  weeks  of  work  on 
today’s  jobs,  and  can  make  tomorrow’s  tougher  jobs  untouchable. 
The  best  instrument  of  its  type  is  probably  a  bit  more  expensive, 
but  it’s  worth  buying  . .  .  because  you  can  believe  in  it  today,  and 
will  rely  on  it  tomorrow.  An  example  is  the  Krohn-Hite  Model 
440-A  wide  range  push-button  oscillator  illustrated  here. 

Exactly  because  K-H  instruments  are  good  enough  even  for  tomor¬ 
row’s  most  critical  work,  they  are  increasingly  chosen  today  where 
true  reliability  and  precision  are  needed. 

Oscillators  —  .001  cps  to  520  kc,  dial  or  push-button  tuning,  less 
than  0.1%  distortion,  sine  wave  and  square  wave  outputs. 

Power  Supplies  —  zero  to  600  volts  dc,  zero  current  to  1  ampere, 
regulation  .001%,  ripple  less  than  ICiO  /xv,  internal  impedance 
0.1  ohm  to  100  kc. 

Power  Amplifiers  —  50  watts  RC  coupled  from  20  cps  to  20  kc 
with  0.005%  distortion;  10  watts  direct  coupled  from  dc  to  1  me, 
with  less  than  0.1%  drift  per  hour. 

Tunable  Electronic  Filters  —  variable  from  .01  cps  to  200  kc,  band 
pass,  band  rejection  and  servo  types. 

Write  for  your  free  copy  of  the  new  Krohn-Hite  Catalog 


Satellites 

My  note  may  not  have  been  too 
clear  (.see  Comment  “Global  Gir¬ 
dles,”  p  130,  Jan.  16),  but — Tesla’s 
proposed  satellite  was  to  be  a  colos¬ 
sal  globe-encircling  Saturnian  ring, 
and  Fermi’s  suggested  global  syn¬ 
chrotron  was  to  use  the  earth’s  tre¬ 
mendous  radius  (not  its  radial 
velocity)  to  get  particles  up  to 
Mach  1  speed,  in  spite  of  its  weak 
magnetic  field. 

Ted  Powell 

Glen  Oaks,  N.  Y. 

We  goofed.  Sorry. 


Krohn-Hite 


CORPORATION 


580  AAa»$achu««tts  Avenu*, 
Cambridge  39,  AAau. 
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Navigation  Systems 

Communication 

Systems 

Servos 

Transistors 

Transmitters 

Receivers 

Antennas 


CAREER  OPPORTUNITIES 

With  a  company  making  premium  grade 
electronic  equipment  for  aircraft  for  over 
30  years.  Located  in  the  beautiful  lake 
region  of  Northern  New  Jersey,  less  than 
35  miles  from  New  York  City. 

•  Transistor  Circuit  Enfincor 

•  Tacan  Engintars 

•  Raeoivsr  Enginoars 

•  Transmitter  En|inaars 

(VHP  &  UHF  Fraquaneias) 

•  Navifation  Equipment 

Enfinears 

•  Antenna  Dasifn  Engineer 

•  Technieai  Writers 

•  Test  Lab  Engineers 

Enjoy  tho  ploosuro  of  working  in  a  r>ow  laboratory 
in  a  company  whoso  products  aro  known  as  tho 
highost  quality  in  tho  industry. 


Write  or  call  collect:  Personnel  Manager 

MRCRAFT  RURIO  CORPORATION 

Boonton,  N.  J.  DE  4-1 800-Ext.  238 


RESEARCH  &  DEVaOPMENT 


ELECTRONIC 


Unusual  Career  Openings 

in  RAPIDLY  growing  company  for 

PROJECT  ENGINEERS 
SR.  ENGINEERS  A  ENGRS. 

BS-EE  or  PHYSICS 

Sovoral  yoors  or  moro  oxporionco  in  cir* 
cuitry  ond  oquipnsont  dosign  or  appiicoblo 
bockground— to  work  on  UHF  and  VHP  sys- 
toms.  Wido  band  knowlodM  dosirablo  tor 
chollonging  assignmonts  on  oloctronic  countor* 
moosuros  systoms  for  miMtory  opplTcotion  and 
oloctronic  instrumonts  for  comnsorcial  uso. 
Excollont  solory  rango  at  all  lovols.  Closo . 
association  with  ocknowlodgod  loodors  who 
will  aid  your  profossional  growth  ond  do* 
volop  your  onginooring  obilitios. 

Profit  Shoring  Rotiromont  Plon. 

AAony  othor  fionofits. 


Call  lor  Intervlow 

s  4  li.S  i 

S  OVerbreok  1*7100 
Sjp  ur  sand  resume 

-av  in  contidanca  to: 

INSTRUMENTS  FOR 
INDUSTRY,  INC. 

101  Naw  South  Rd.  Hicktvilla,  1. 


MAGNETRON  CATHODE 
ENGINEER 

Engineer  or  scientist  with  min.  of 
2  years  experience  in  magnetron 
cathodes.  Work  in  non-military  re¬ 
search  and  development.  Stable 
employment  with  on  aggressive 
company. 

Send  resume  to;  Attn.;  Sam  Kellough 

FRANKLIN  MFG.  CO. 

65-22nd  Ave.,  N.E., 
Minneapolis  18,  Minn. 


ENGINEERS 

PrograMiva  reaaarch  and  davalopmant 
concern  In  the  Chicago  area  is  in  need 
oi  several  capable  enginaars  to  com- 
plale  their  expansion  program.  E.  E.  or 
Physicist  with  a  good  mathematicol 
background  will  have  an  excellent  op¬ 
portunity  ior  advancemant.  Wilt  con¬ 
sider  recent  grads.  Proiit  sharing  plus 
usual  fringe  benefits.  Reply  in  confi¬ 
dence. 

P-e7!i6  RIertronIc. 

SIO  N.  Mlchlxan  Ave..  Chlcaso  11.  HI- 


MB  SEEKS 
ENGINEERS 

•  Elactronic  •  Acoustic 
•Mechanical  •Dynamics 

•  Hydraulic  •  Vibraticn 

•  Laudspeaker 

Fur  Itu  new  prcNlurt  prufgrum. 
World'*  largext  producer  of  dy¬ 
namic  tCMtliiir  eciulpmciit  In  ex¬ 
panding  Itu  M’c»pe  and  ofTerN  excit¬ 
ing  opportunittew  for  engineer*.  For 
further  Information  ctUl  4>r  write 
J.  M.  WIrtx.  PerMonnel  Manager. 
MH  .Manufad'turliig  Company,  A 
l>ivi*lon  of  Textr<Hi  Inc.,  i*.  O.  Box 
1825,  New'  Haven  8,  Conn,  In  New 
Haven,  i^all  FClton  tt-l.'VtI.  In  New 
Yc»rk.  call  (  Anal  A-4^4A. 


DEVELOPMENT  ENGINEER  CONTROLS 
$1 0,000-SI  2,000  Per  Year 

Position  will  laud  to  chief  anginoar'e  spot.  Coma 
pony  racantl^  purchased  a  now  plant.  A  graduate 
M.C.  or  E.E.  with  three  or  more  years  In  design 
and  development  of  industrial  controls  will  qualify, 
company  assumee  alt  expensee,  advancement  as¬ 
sured.  reply  it?  oonAdenoe. 

MONARCH  PERSONNEL 
28  East  Jackson  8lvd.,  Chicogo,  Illinois 


POSITION  WANTBD 

Wanlod— Concom  neodlng  top-quality  oei- 

gineering — BME  and  BEE  degrees — 10  years 
experience  in  industrial,  military,  and  mis¬ 
sile  fields — prefer  Mid-West  location.  PW- 
9626,  Electronics.  Class  Adv.  Div.,  P.  O. 
Box  12,  N.  Y,  36.  N.  Y. 


MANUFACTURERS' 

REPRESENTATIVES 

IN  THE  ELECTRONIC  INDUSTRY 
CONTRACT  RATES  OlVEN  ON 
REQUEST.  WRITE 

ELECTRONICS 


pJK  K.  MACDONALD,  INC. 

H  manufacturers  representatives  over  25  years 

1  1531  SPRUCE  STREET, 

PHIIA.  2,  PA. 

H  Territerv: 

Otlier  Officer 

H  Pennsylvonio  •  New  Jersey 

Pittsburgh  I 

■  Delaware  •  Morylarud 

Baltimore 

1  Virainio  •  West  Virginia 

Woshington,  D.C. 

1  District  of  Columbio 

FOR  ADDITIORU  INFORMATION 

About  Classifieil  Advertising 

Confacf  The  McGraw-Hill  Office 
Nearest  You 


ATLANTA  3 
1301  Rhodes* 

Haverty  Bldg. 

JAckton  3*6951 
M.  H.  MILLER 

BOSTON.  16 
350  Park  Square 
HUbbard  2*7160 
0.  J.  CASSIDY 

CHICAGO.  II 
520  No.  Michigan  Avo. 
MOhawk  4*5600 
W.  J.  HIGGENS 
D.  C.  JACKMAN 

CLEVELAND.  13 
1164  Illuminating  Bldg, 
superior  1*7000 
W.  B.  SULLIVAN 
T.  H.  HUNTER 

DALLAS.  I 
1712  Commerce  St. 
Vaughn  Bldg. 

Riverside  7*5117 
GORDON  JONES 
F.  E.  HOLLAND 


DETROIT.  26 
856  Penebseet  Bldg, 
woodward  2-1793 
D.  M.  WATSON 

LOS  ANGELES.  17 
1125  W.  6  St. 

HUntlev  2*5450 
P.  M.  BUTTS 
NEW  YORK,  63 
500  Fifth  Ave. 

Oxford  5*5959 
H.  T.  BUCHANAN 
R.  P.  LAWLESS 
PHILADELPHIA.  3 
Six  Penn  Center  Plaza 
LOoust  8*4330 
T.  W.  McCLURE 
H.  W.  BOZARTH 

ST.  LOUIS.  8 
3615  Olive  St. 
JEfferson  5*4867 

SAN  FRANCISCO.  4 
68  Post  St. 

OOuglas  2*4600 
R.  C.  ALCORN 
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In  this  age  of  mlsslle-carrylng  sub¬ 
marines,  our  once  protective  oceans 
are  now  avenues  for  enemy  attack. 


circuit  development  —  system  planning  engineers 

help  nab  hit-and-run  divers 


Missile-packintr  subs  able  to  “torpedo”  Indianapolis 
from  either  ocean  pose  a  sinister  threat . . .  call  for 
even  higher  levels  of  detection  sensitivity  as  well  as 
totally  new  sub-hunting  methods.  Apparatus  division 
of  Texas  Instruments  has  thousands  of  airborne  sub¬ 
marine  detector  systems  in  the  fleets  of  the  world,  but 
now  is  expanding  its  efforts  to  outstrip  the  new  capa¬ 
bilities  of  the  new  generation  of  submersibles.  Other 
active  projects  in  this  division  include  missile  and 
space  electronics,  early  warning,  reconnaissance,  air¬ 
ways  control,  and  attack  control.  Any  program  you 
choose  will  be  amply  supported  by  the  latest  facilities 
and  implemented  by  TI’s  ability  to  create  basic  com¬ 
ponents  or  complete  systems. 

TI’s  brisk,  steady  growth  (18-fold  over  the  past  decade 
to  a  current  $91-million  volume)  creates  corresponding 
needs  for  all  levels  of  talent.  Engineers,  physicists  . . . 
choose  your  design  or  production  future  — 


PROGRAMS:  advanced  military  systems  studies  —  air¬ 
borne  early  warning  —  airways  control  —  antisubmarine 
warfare  —  attack-bomb  navigation  systems  —  countermew^ 
ures — engine  instrumentation — missile  systems — portable 
ground  equipment  —  reconnaissance  —  space  electronics. 

BUILDING-BLOCK  EQUIPMENTS:  radar  —  infrared — 
sonar  —  magnetic  airborne  detection  gear  —  digital  circuits 
—  timers  —  telemetering  —  intercom  —  microwave  — • 
optics  —  detector  cells  —  engine  instruments  —  transform¬ 
ers —  time  standards  —  and  other  precision  devices. 

come  and  grow  with  us... 

Hitch  your  wagon  to  the  Lone  Star . . .  work  at  a  plant 
within  the  city  but  away  from  downtown  traffic . . . 
live  within  minutes  of  your  work  or  your  play  —  year- 
around  recreational,  amusement  and  cultural  activities. 
Please  contact  — 

Mr.  Joke  Plmkston 

apparatus  division 


Texas  Instruments 

INCORPORATED 

•  000  LEMMON  AVENUE  DALLAS  S.TEXAS 


I 

CLASSIFIED 


Searchlight  Section 

BUSINESS  OPPORTUNITIES  ' 


ADVERTISING 

EQUIPMENT  -  USED  or  RESALE 


DISPLAYED  RATE  UNDISPLAYED  RATE 

Th«  odv^iting  rat*  it  $24.7S  p*r  inch  for  adv*rtiting  app*oring  S2.40  a  lin*,  minimum  3  lin*t.  To  figur*  odvonc*  poymant  count  3 
,  *'*  Contort  fot*»  quoted  on  r*qu*tt.  overog*  wordt  at  o  lin*. 

AN  ADVcRT^ING  INCH  h  m«o&ur«d  inch  vcrttcolly  on  ono  column.  kJHAAACDc  «  i*  -ij***  i  •  i  ^  ^ 

3  columns — JO  inchos _ to  o  p090.  NUMftEtS  count  ot  on*  hno  odditionol  in  undisployod  odt. 

SAIE  ADVERTISEMENTS  occeptobl*  only  DISCOUNT  of  10%  if  full  payment  it  mode  in  advance  for  four  con- 
In  Dltployed  Style.  tecutiv*  intertiont  of  unditployed  odt  (not  including  propotolt.) 

The  peblltlier  ceenet  eeeeet  adveiiltlnf  In  the  Seerehlltht  Snctlon,  whieti  littt  tbe  nemet  of  the  nienufnetnrert 
*f  retitlert,  (eeecitert.  rhoettett,  an*  aetontienielort  *r  ether  nanot  dotifnod  t*  tfeicrib*  tech  ar^aett. 

Send  NEW  AOS  or  inquiries  fo  Classified  Adv.  Div.  of  Electronics  P.  O.  Box  12,  N.  Y.  36,  N.  Y. 
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WARItRMlNAIION 

WRITE  OR  WIRE  FOR  INFORMATION  ON  OUR 
COMPLETE  LINE  OF  SURPLUS  ELECTRONIC 
COMPONENTS.  ALL  PRICES  NET  F.O  B 
PASADENA,  CALIFORNIA 


)176*C  Imi  Colorodo  St. 

t.  CoMorni* 
IIYqn  17393 


INVERTERS 


DMF3506M  Contln«ll- 
tal  Eltctric  24-30  ^ 

volts  input;  5.5-45  imps;  cont.  duty.  Output: 
115  volts;  .44  imps;  400  cyc;  I  phisi;  pf 
1 .0;  50  Witts  m.M 

I21I6-2-A  Bmdix 

Output:  115  VAC;  400  cyc;  singli  phasi:  .45 
imp.  Input;  24  VDC,  5  imps  $3S.OO 

12117  Bwidix 

Output;  24  volts;  400  cyclis,  6  volt  impirts, 

I  pnisi.  Input:  24  VDC;  I  imp.  $15.00 

12121  Bw)dix 

Input:  24  volt  D.C.  18  imp.  12000  r.p.m. 
Output:  115  volts,  400  cycli,  3-ptiasi.  250 
volt  imp,  7  pf.  $40.50 

12123  Bwidix 

Output;  115  V;  3  phisi;  400  cycll;  imps. 
.5;  Input:  24  VDC;  f2  wnp.  $40.50 

12126-2-A  Bmdix 

Output;  26  volts;  3  phisi;  400  cycll;  10 
VA;  6  PF.  Input;  27.5  volts  DC;  1.25  imps. 

$24.50 

12142-1-A  Bwdix 

Output:  115  volts,  3  phisi,  400  cycll,  250 
VA.  Input:  27.5  VDC,  22  imps.  Voltiai 

and  friqumcy  rigulitid.  $00.50 

12147-1  Pioniir 

Output:  115  VAC,  400  cyclis;  singli  phisi. 
Input:  24^  VDC;  8  amps.  $10.05  Mch 

10285  Liland 

Output;  115  volts  AC;  750  VA,  3  phasi,  400 
cycll,  .90  pf  and  26  volts.  50  VA  singli 
^isi,  400  cycll,  .40  pf.  Input:  27.5  Vik, 
60  imps.  cant,  duty,  6000  rpm.  Voltm  ind 
friquincy  rigulitid.  $50.50 

10563  Liland 

Output:  115  VAC;  400  cvdl;  3-phasi;  IIS 
VA;  75  pf.  Input;  28.5  VK;  12  amps.  $25.00 

PE109  Liland 

Output:  115  VAC,  400  cyc.;  singli  phisi; 
1.53  imp.;  8000  rpm.  Input:  13.5  Vt>C;  29 
amp.  $50  00 

PE218  Liland 

Output;  115  VAC;  Singli  phisi  pf.  90; 
380/500  cycll;  1500  VA.  Input:  25-28  VDC; 
92  imps.;  8000  rpm.  $30.00 

AN  3499  Eicor,  Class  "A" 

Input:  27.5  volts  St  9.2  imps.  AC.  Output: 
115  volts,  400  cyclis;  3  phisi,  100  voltimp; 
continuous  duty.  Prici  $39.50  Mch 

MG54D  Bmdix  Friqumcy  &  Voltigi  Rig- 
Output:  200/115  volts;  400  cycll,  singli  or 
3  phisi;  .80  pf,  250  VA.  Input:  28  VDC,  22 

imps.  $99.50 


SPERRY  VERTICAL  GYRO 

Part  #653265.  Motor 

115  volts,  3  phist,  400 

cycll,  8  watts,  20,000 

RPM.  3-minute  runup,  synchro  pickoffs,  roll 

360*,  pitch  85*.  Synchro  excitation  26  volts, 

400  cycle,  150  m.i.  Verticil  accuracy  ±V^*. 

Weight  3'/^  lbs.  Approx,  dim.  5^6"  L.,  4W 

W.,  4V2"  H.  Price  $35.00 


400  aCLE,  3  PHASE  GENERATOR 

•Y  MASTER  ELECTRIC 

_ _ 7.5  kw,  3428  rpm,  pf 


.95.  Stir  connected 
120/208  3  phase  22 
mm.  Delta  connected 
120  volt  single  phase 
66  amps.  Salt  excited. 
Complete  with  control 
box,  voltage  regulator, 
AC  voltmeter  and  fre- 

aumey  meter.  Shaft  1" 
ia.,  2"  long;  overall 
dim.  of  unit:  2l"x18"x 
20". 

Price  $395.00  each 


ICT  cont.  Trans  90/55V  60  cy. 

$34.50 

1DC  Diff.  Gm.  90/90V  60  cy. 

34.50 

IF  Syn.  Mtr.  II5/90V  60  cy. 

34.50 

1G  Gm.  115V  60  cy. 

34.50 

1HDG 

37.50 

1HCT 

37.50 

IHG 

37.50 

1SF  Syn.  Mtr.  1I5/90V  400  cy. 

12.50 

23TR6  torque  receiver,  115/90  VAC, 

60  cycle 

37.50 

23CT6  control  transformer,  90/ IV  per 

degree,  60  cycle 

37.50 

23CX6  control  transmitter,  115/90  VAC, 

60  cycle 

37.50 

5CT  Cont.  Trans.  90/53V  60  cy. 

34.50 

5D  Diff.  Mtr.  90/90V  60  cy. 

34.50 

50G  Diff.  Gm.  90/90V  60  cy. 

34.50 

5F  Syn.  Mtr.  II5/90VAC  60  cy. 

34.50 

5G  Syn.  Gm.  I15/90VAC  60  cy. 

34.50 

5HCT  Cont.  Trans.  90/55V  60  cy. 

37.50 

5S0G  Diff.  Gm.  90/90V  400  cy. 

12.50 

6DG  Diff.  Gm.  90/90V  60  cy. 

25.00 

6G  Syn.  Gm.  1I5/90VAC  60  cy. 

34.50 

7G  Syn.  Gm.  I15/90VAC  60  cy. 

42.50 

7DG  differmtial  gmirator,  90/90  volts. 

60  cycle 

37.50 

C56701  Type  11-4  Rep.  1 15V  60  cy. 

20.00 

C69405-2  Type  1-1  Trmsm.  115V  60  cy. 

20.00 

C69406  Syn.  Transm.  115V  60  cy. 

28.08 

C69406-I  Type  11-2  Rap.  II5V  60  cy. 

20.00 

C76I66  Volt.  Rec.  II5V  60  cy. 

10.00 

C78248  Syn.  Trmsm.  II5V  60  cy. 

12.50 

C78349  Syn.  Diff.  1ISV  60  cy. 

5.00 

C78410  Repeater  115V  60  cy. 

20.00 

C78863  Repeater  II5V  60  cy. 

7.50 

C7933I  Transm.  Type  1-4  115V  60  cy. 

20.00 

Ul  Bmdix  Autosyn  Mtr.  22V  60  cy. 

7.50 

403  Kollsman  Autosyn  Mtr.  32V  60  cy. 

7.50 

FPE-25-11  Diehl  Servo  75/115  v  60  cy. 

12.50 

FPE  49-7  Diehl  servo  motor,  115  volts. 

60  cycle,  10  watts 

30.00 

FPE-43-1  Resolver  400  cy. 

19.50 

FJE-43-9  Resolver  1 15V  400  cy. 

15.00 

R110-2A  Kearfott  Cmt.  Mfr. 

17.50 

R200-I-A  Kearfott  Cmt.  Trans. 

15.00 

R220-I  Kearfott  Receiver 

20.00 

R235-IA  Kearfott  Resolver 

20.00 

POWER  UNIT  PU-104/U 

S  KW  120/208  volt  AC  single  or  3-phisi 
perminmt  magnet  type  400  cycle  alternator. 
Alternator  is  drivm  by  Hercules  model  ZXB 
4-cylindir  4-cycle  "L"  head  liquid  cooled  giso- 
lirM  engine.  This  unit  is  complete  with  i  con¬ 
trol  paiwl.  Price  $495.00 


400  CYCU  PM  GENERATOR 

115/200  volts  A.C.  1- 

or  3-phasi,  200  watts.  \ 

4,000  r.p.m.  Approx. 
dimmsions:  4%'  dia.; 

AN  connector.  $75.00 

400  CYCU  Vi  PHASE  GENERATOR 
115  VAC.  3  KVA.  Mfg.  Bogui  Elect.  Mod. 
2800S.  External  excitation  107  VDC.  1.1  amp. 
3450  rpm.  1"  shaft.  $200.00 


GENERAL  ELEORK  AUTO  PILOT  DIREC¬ 
TIONAL  GYRO  IN¬ 
DICATOR  oiMl  CON¬ 
TROL  UNIT 

Mod.  0K63AC.  115  volts, 
400  cpt,  3  phiti,  40 
watts.  Hat  settable  In¬ 
duction  pick-off.  $10.00 


J 


VARIABLE  SPEED  BALL  DISC 

INTEGRATORS 

No.  145 

Forward  8  Revirsa  2Vii-0-2V4.  Input  shaft 
spline  gear  12  teeth  9/32“  dia.  Iom.  Out¬ 
put  shaft  15/64"  dia.  x  15/32"  long.  Control 
shaft  11/32"  X  H"  long.  Cast  aluminum  con¬ 
struction.  Approx,  sill  3"  X 
3"  X  2%". 

No.  146 

Forward  i  Reverse  44M.  In- 

put  shift  5/16"  die.  x  R6" 

long.  Output  shift  15/64" 

dll.  X  9/16"  long.  Control 

ihift  11/64"  dll.  X  11/16" 

long.  Cast  aluminum  con-  017  40  wa 

struction.  Approx,  size  4Vb" 

X  4Vb"  X  (All  SbafH  Ball  Bearing  Sippartad) 


RCA-7199  and  RCA-7027... Perfect  Pair  For  High-Fidelity  Amplifier  Designs 


Offer  them  a  “top”  note.  Send  your  “deepest”  bass.  Blast  your  “fullest”  for¬ 
tissimo  at  them.  Never  fear  the  outcome  if  your  high-fidelity  amplifier  is  designed 
around  this  “perfect  pair”...RCA-7199,  medium-mu  triode sharp-cutoff  pentode 
and  RCA-7027,  beam  power  tube. 

Study  the  sensitivity  of  the  high  g,„  pentode  unit  of  the  RCA-7199... wonder¬ 
ful  for  use  in  a  low-noise  low-hum  amplifier;  consider  the  medium-mu  triode 
unit... ideally  suited  for  use  in  a  phase  splitter.  On  the  masculine  side  of  the  table 
is  the  other  “mate”,  RCA-7027,  developed  specifically  to  reproduce  the  “big 
sounds”.  A  pair  of  7027’s  in  a  push-pull  class  ABi  circuit  utilizing  feedback  and 
driven  by  a  7199  with  an  input  signal  of  1  volt  can  deliver  a  power  output  of 
50  watts  with  total  harmonic  distortion  of  less  than  0.5%  and  hum  and  noise  of 
85  db  below  50  watts. 


Ask  your  RCA  Field  Representative  for  the  details  on  the  High-Fidelity 
“Music  Mates’.’.. RCA-7199  and  RCA-7027.  For  technical  bulletins,  write  RCA 
Commercial  Engineering,  Section  B-19-DE-3,  Harrison,  N.  J. 


RADIO  CORPORATION  OF  AMERICA 

Elmctron  Tubm  DMalon  Hmrriton,  M.  J. 


RCA-7)99  and  RCA-7027. ..  mutic  maitt  and 
quality  mofai... blend  into  o  sytlem  that  pro¬ 
vides  music  reproduction  at  its  finest! 


EAST: 744  Brood  Street,  Newark  2,  N.  J. 
HUmboldt  S-3900 

MIDWEST :Suite  1)  54,Merchandise  Mart  Plata 
Chicago  54,  III.  WHiteholl  4-2900 
WEST:635S  E.  Washington  Boulevard 
los  Angeles  22,  Calif.  RAymond  3-8361 
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*REGATR0N  POWER  SUPPLY 
DOES  THE  WORK  OF  3 
ORDINARY  POWER  SUPPLIES 

a  case  history 


(Modal  313AMi 
0-100  V  dc,  0-100  mo, 
$139.00  wnmolorod) 


A.  MANUFACTURER  required  three  different  regulated  voltages. 
The  voltages,  which  were  to  be  used  alternately,  could  be  furnished  by  three 
separate  power  supplies  or  by  a  single  power  supply  and  a  voltage  divider. 
But,  three  power  supplies  were  expensive.  On  the  other  hand,  a  voltage 
divider  meant  a  loss  of  power  and  regulation  plus  the  expense  of  hig^- 
wattage  components. 

The  SOLUTION:  Three  1-watt  resistors  and  a  •Regatron  Program¬ 
mable  Power  Supply.  An  exclusive  programming  feature  permits  changing 
output  voltage  by  shunting  two  terminus  with  a  resistor.  For  each  1000 
ohms,  the  Regatron  delivers  one  volt ...  at  rated  current  and  regulation. 

In  THE  PROBLEM  quoted  here,  the  required  voltages  were  14.5, 
28,  and  45  V  dc.  The  three  resistors  were  14.5K,  28K,  and  45K.  Regatron 
Programmable  Power  Supplies  are  available  in  many  ranges  up  to  600  V  dc 
and  3  amperes.  Bulletin  76SA  tells  more  about  how  Programmable  Regatrons 
solve  d-c  problems.  Write  for  your  copy. 


This  important  paramotor  of  a  powor  supply  varios  grootly  with 
froguoncy.  It  is  dotormlnod  to  a  largo  oxtont  by  tho  design  and 
often  determines  the  usefulness  of  a  supply  in  a  given  application. 
Its  definib'on,  specification,  and  measurement  are  very  important  to 
the  design  engineer  and  his  associated  test  department. 

For  a  useful  discussion  of  these  matters  send  for  Technical  Bulletin 
No.  3003.  It  is  free  of  charge. 


*  Registered  U.S.  Fotent  Office.  U.S.  Fotents  Issued  and  Fending. 
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CAPACITORS 


VITRAMON  capacitors  have  low  diss!> 

potion  ovor  wido  froquoncy  rongot. 


niMfICT 

~»w —  liih — IS — ■'5;  Wiir 


will  help  you  build  LOW  LOSS 
. . .  into  your  circuit  systems 

lostot,  inhorcnl  in  EVERY  copocitor, 
or*  hold  to  0  minimum  in  VITRAMON 
capacitors  . . .  tho  capacitors  of  purity. 
Pur*  silver  •lactrodes  . , .  pure  porce- 
loin  enamel . . .  perfectly  bonded. 

LOW  loss?  YES!  PIUS... 

RUGGED  LOW  NOISE  STABLE 
WIDE  TEMPERATURE  RANGE 
VAPORPROOF  MINIATURE 


The  biggest  names  in  electronics  use 
VITRAMON  capacitors  in  guided  mis¬ 
siles,  jet  ignition,  proximity  fuses  and 
in  radar,  servo,  guidance,  fire  control, 
telemetering  and  carrier  telephone 
systems. 

If  substitutes  ore  not  good  enough . . , 
if  you  need  the  best . . ,  write  today! 


Two  maferiols  a  monolithic  block 
of  porcelain  enamel  onef  fine^sitver 
electrodes  ^  fused  into  one  strong, 
stable,  efficient  and  effectively  ho¬ 
mogenous  RELIABLE  unit. 


Incorporated 
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with  these  handy  9"  by  12"  folders 
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on  your  advertising.  Circulate  pre¬ 
prints,  reprints,  schedules  and 
other  material  in  these  folders, 
and  make  your  advertising  dollars 
work  over  ond  over  for  you. 

Write  for  illustrated  folder  and  price  list 

Promotion  Dept.  Room  2700 
McGraw-Hill  Publishing  Co.,  Inc. 

330  West  42nd  Street.  New  YorkiaerN.Y 
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Get  out  your  pencil  and  help  yourself  fo 


electronics  READER  SERVICE 

it's  free— it's  easy— 
it's  for  your  convenience 

Use  these  handy  READER  SERVICE  CARDS  for  more 
information  on: 

ADVERTISEMENTS-NEW  PRODUCTS- 
LITERATURE  OF  THE  WEEK 

1 —  Circle  the  number  on  the  postpaid  cord  below  that 
corresponds  to  the  number  at  the  bottom  of  Adver¬ 
tisement,  New  Product  item,  or  Literature  of  the 
Week  selection. 

2 —  Please  print  carefully,  os  it  is  impossible  to  process 
cards  that  are  not  readable. 


A - 

FOR  SPECIFIC  ITEMS  IN 
MULTI  PRODUCT  ADVERTISEMENTS 

For  moro  information  on  ipocific  ilomi 
in  multi-product  odvortiiomonti.  print  coro- 
fully  on  tho  Roodor  Sorvico  Cord  bolow  in 
Box  "A"  tho  circio  number  of  tho  odvor- 
titomont  and  tho  tpocifk  product(i)  on 
which  you  dotiro  moro  information. 


- HOW  TO  SUBSCRIBE - 

TO  electronics 

If  you  oro  not  o  tubscribor  and  you 
dotire  to  receive  electronics  regu¬ 
larly,  fill  in  the  section  "FOR  SUB¬ 
SCRIPTIONS"  on  cord  below 

Send  no  money,  electronics  will  bill 
you  at  the  address  indicated  on  the 
Reader  Service  Cord. 


Additional  Postage  MUST  be  added  to  cards  for  all  FOREIGN  MAILINGS 


FEB  20-59 

CARD  EXPIRES 

APR  20.59 


0|0CtrOniCS  *  READER  SERVICE  CARD  •  PIoos#  Print  Corofully 
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I  he  perfidious  electron  tube 

Languishing  in  his  cell  ajter  his  defeat  by  Cortez,  the  Aztec 
emperor  Montezuma  filed  out  his  lonely  hours  by  penning  one  of 
the  most  remarkable  war  memoirs  of  all  time. 

It  was  called,  strangely  enough,  “The  Perfidious  Electron  Tube”. 
Only  recently  discovered  after  having  been  lost  for  centuries,  it 
throws  new  light  on  one  of  the  key  events  in  New  World  history. 

In  it,  Montezuma  sums  up  his  defeat  in  one  word:  “ Skafianggz'' . 
For  those  of  ^ou  whose  Aztec  isn’t  what  it  might  be,  the  word 
means  “radar  .*  {And  for  those  of  you  who  may  feel  a  commercial 


coming  on,  you  just  may  have  something  there.  But  honest,  that’s 
what  the  man  said.) 

As  Monty  saw  it,  his  radar  tubes  zigged  when  they  should  have 
zagged.  Today,  more  sophisticated  electronics  people  would  simply 
say  the  radar  was  unable  to  obtain  a  fix  on  moving  targets.  Monty 
simply  didn’t  have  any  monopulse  tubes.  But  the  truth  is  clear. 
A  few  Bomac  tubes  in  the  right  place  might  have  changed  history. 
Your  children  might  now  be  studying  Aztec  in  school  instead  of 
Spanish.  You  yourself  might  be  eating  Aztec  omelettes — or  wearing 
feathers  for  trousers. 

Come  to  think  of  it,  maybe  it’s  better  things  turned  out  the  way 
they  did. 
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^'^oday,  Bomac  makes  the  fimst  micrmm  vc  hdx  > 
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(Somac 


Leaders  in  the  design,  development  and  manufacture  of  TR,  ATR,  Pre-TR  tubes;  shutters; 
reference  cavities;  crystal  protectors;  silicon  diodes;  magnetrons;  klystrons;  dupleiers; 
pressurizing  windows;  noise  source  tubes;  high  frequency  triode  oscillators;  surge  protectors. 
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RCA-2N643,  RCA-2N644,  and  RCA-2N645  feature  controlled 
nninimum  gain-bandwidth  products,  of  20,  40,  and  60  Me 


RCA  continues  to  pioneer  superior-quality  semiconductor  devices  with  the 
new  RCA-2N643,  RCA-2N644,  and  RCA-2N645  “Drift”  transistors.  These  three 
new  units  feature  controlled  minimum  gain-bandwidth  products  permitting 
the  design  of  extremely  high-speed  non-saturating  switching  circuits  with 
rise,  fall,  and  propagation  time  in  the  order  of  20  millimicroseconds. 

For  your  high-speed  switching  circuits  requiring  pulse  repetition  rates  up  to 
10  Me,  investigate  the  superior  design  possibilities  and  benefits  available 
to  you  with  the  new  RCA  “Drift”  transistors— RCA-2N643,  RCA-2N644,  and 
RCA-2N645— hermetically  sealed  in  cases  utilizing  dimensions  of  Jetec  TO-9 
outline.  Your  RCA  field  representative  has  complete  details.  Call  him 
today.  For  technical  data,  write  RCA  Commercial  Engineering,  Section  B-I9-NN-3, 
Somerville,  N.  J. 
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Curves  illustrote  typical  delay  time 
per  stage  vs.  gain-bandwidth  product 
ond  fanout  for  the  switching  circuit 
shown  below. 
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